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An Investigation of Railroad Maintenance
Practices to Prevent Track Buckling

A. M. Zarembski,* G. M. Magee**

EXECUTIVE SUMMARY

The use of continuous welded rail (CWR) increases the likelihood of track failure through

buckling (sun-kink***) or pull-apart. Over 100 derailments occur each year, which are at-

tributed to buckled track, with many more instances of buckled track being detected and

corrected before an accident occurs.

Although most railroads have formal established procedures for the laying and mainte-

nance of CWR, significant variations exist among these practices. This report compares the

practices of ten major North American railroads and the recommended practice of the Amer-
ican Railway Engineering Association.

In addition, two surveys of railroad track buckling incidents were conducted. The first was

a series of internally reported, track buckling occurrences on a major U. S. Class One
Railroad. A total of 479 buckling events were examined. The second was a study of derail-

ments, attributed to track buckling, that occurred on seven North American railroads. A total

of 65 cases were examined. The survey information was then compared with the various

railroad practices, as well as with current theory.

Based on these comparisons, it was noted that railroads are starting to take into account

differences in climatic conditions in defining rail laying temperature requirements. A critical

temperature increase zone of 35 to 55 degrees Fahrenheit above the laying temperature was

observed. The effect of curvature, particular heavy curvature of between five and ten degrees,

was seen to be a significant factor in increasing the likelihood of track buckling. A wide

variation in railroad practices, both in rail laying policies on curves and ballast shoulder widths

on curves, was noted. Finally, the significance of ballast condition and the effect of mainte-

nance operations was observed, together with the differences in maintenance practices among
the railroads.

Although no specific recommendations are made, general and specific observations about

the surveyed track buckling failures are made and compared to current railroad practices and

theory.
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1.0 INTRODUCTION

The use of Continuous Welded Rail* (CWR) in track has increased to the point that it

now represents 28% of all rail in service in North America. As of 1978, there were 73,000 miles

of CWR installed in North American track [2].**

While the advantages of continuous welded rail are well known, CWR is subject to build

up of longitudinal compressive or tensile forces, due to thermal and mechanical activity.

Furthermore, similar compressive forces can be built up in jointed track when the rail is laid

tight at low temperature.

When the build up is of longitudinal compressive force, the track can experience a sudden

lateral movement or buckling of the track structure (Figure 1). This buckle, sometimes

referred to as a sun-kink, results in a severe misalignment condition in the track. If the buckle

occurs in front of or under a train, a derailment often results. When the buckle occurs between

trains, traffic is disrupted until the condition is corrected.

The magnitude of the problem can be seen in the fact that from 1976 to 1979 there were

over 100 derailments each year, reported to the Federal Railroad Administration (FRA), that

were attributed to buckled track. The reported damage for the 1 14 derailments, that occurred

in 1979, amounted to over $6.8 million [3]. Perhaps more significantly, for every track buckle

that resulted in a derailments, there were over ten cases*** of buckled track where the

maintenance forces corrected the problem before an accident occurred. Thus, many mainte-

nance hours are devoted to inspecting for conditions that may result in track buckles and

correcting buckled track.

When the build up of force is tensile, the rail can experience a pull-apart, most often at

the ends of CWR strings. Such a pull-apart, which results in the formation of a discrete gap

between the adjacent rail ends results in increased maintenance cost. Though pull aparts can

often be detected through their interruption of the signal circuits, they increase the cost of

maintenance.

Since there currently exists no effective technique for measuring the build up of longi-

tudinal forces in rails [4] and thus no way of predicting track buckling or pull-aparts, the

railroads have developed various techniques and practices aimed at preventing these failures.

These techniques are primarily based on the experience that various railroads have accumu-

lated in maintaining CWR track over almost 50 years. Though there are published AREA
Guidelines for laying and maintaining CWR [1], there remains significant variafions in practice

among the different North American railroads. In addition, recent research into the mech-

anism of track buckling has resulted in the publication of additional guidelines [5].

It is not the purpose of this report to develop any new practices for preventing track

buckling, but it was felt that a comparative examination of the different railroad practices

would be of value to the railroad community.

In addition, it was felt that a statistical examination of railroad buckling incidents could

lead to a better understanding of the more important factors involved in track buckling. To

•Continuous Welded Rail is defined as: "a number of rails welded together in lengths of 4(K) feel or longer" |t|

••Numbers in brackets refer to the References, listed at the end of this Report.

•"Based on the records of a major U. S. railroad (see Appendix B).
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that end, two surveys were conducted. The first was based on a series of internally reported,

track buckling incidents on one major U. S. Class One Railroad. This railroad utilizes an

internal report form to collect relevant track data. For the purposes of this study a total of 479

reported incidents of buckled track, of which 53 resulted in derailments, were examined and

evaluated.

The second survey examined track buckling incidents that resulted in FRA or CTC*
reportable derailments. The information on these incidents was obtained by means of a

questionnaire from Seven North American railroads, representing a broad range of geo-

graphic and climatic conditions. A total of 65 cases were examined and studied as a separate

category.

The resulting survey information was then compared with the various railroad mainte-

nance practices. It is the purpose of this report to present the results of these two buckling

surveys, together with the range of current railroad practices to prevent track buckling. It is

hoped that, by examination of the available information associated with these known inci-

dents, in light of current practices and newly emerging theory, more effective maintenance

techniques can be developed to minimize or prevent railroad track buckling and pull-aparts.

Figure I. Buckled Track*

'Photo courtesy of D.O.T. Transportation Test Center, Pueblo, Colorado.

(For the purpose of this report, sun kink refers to the severe misalignmenl or buckle shown

above, not to the general waviness condition sometimes referred lo as sun-kink.)

'Canadian Transport Commission
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2.0 TECHNICAL BACKGROUND

As noted in the Introduction, a build up of thermally and mechanically inducted longi-

tudinal compressive (tensile) forces in the rails can result in buckling (pull-apart) of the track.

This will occur when the magnitude of these compressive (tensile) forces exceeds the strength

of the track to resist buckling (pull-apart). There are currently available several survey and

summary papers to explain the theories of track buckling [5,6,7). A brief discussion of the

force build up and track failure mechanisms will, however, help the reader in understanding

the value of the practices and techniques described in subsequent Sections.

2.1 Longitudinal Rail Forces

Mechanically induced, longitudinal rail forces are developed by the acceleration, de-

celeration, or steady movement of a train. In order for a locomotive to overcome the train

resistance and move the train, a force or tractive effort must be exerted by the locomotive

wheels and reacted by the track structure. Likewise, when decelerating or braking, the

resultant train forces are reacted against the track. When the train is on a grade, and partic-

ularly during severe braking conditions, the net longitudinal forces can be severe. However,

while this mechanical loading, by itself, is usually not sufficient to buckle the track, it can

produce longitudinal creep or movement of the rails. Additional rail creep is also generated

by the action of moving trains. When this creep is restrained, as in the case of well-anchored

track, or at turnouts and grade crossings, longitudinal compressive forces are built up in the

rails. For a more complete description of the development of rail creepage forces, the reader

is referred to Reference [8].

Thermally induced longitudinal rail forces occur when the rail is no longer free to expand,

i.e., when the joints are either closed, as in a tight or frozen joint situation, or altogether

eliminated, as in the case of continuously welded rail. When a constrained rail of length L is

subjected to a uniform temperature rise (or drop) AT, the longitudinal compressive (tensile)

force experienced by the track is N, = EA a AT; where E is the Young's modulus for the rail

steel, A is the cross-sectional area of the two rails, and a is the coefficient of thermal

expansion. Figure 2 illustrates the magnitude of the thermal forces that can be experienced by

rails.

Since it is the difference in rail temperature, from its initial or laying temperature, that

determines the magnitude of the thermally induced rail forces, proper selection and control

of the continuously welded rail installation temperature is of great importance. Consequently,

many railroads have well defined installation temperatures for different geographical lo-

cations. When the ambient temperature at the time of installation is below the recommended

installation temperature, the rails are artificially brought to the proper "temperature." either

through heating of the rails or mechanically stretching them to the appropriate lengths.

Conversely, when the ambient temperature at the time of installation is above the recom-

mended installation temperature, the rails are cooled, usually by spraying them with a coolant.

However the same mechanical and creep forces that result in force build up, also work to build

up stresses in the rail, thus in effect "changing" the laying temperature. Furthermore, rails

installed in and near curves often undergo expansion and contraction cycles which result in a

shifting of the track, usually seen as a change in the curvature. This often occurs in conjunction

with maintenance activities, such as surfacing. This behavior can also change the equivalent

installation temperature, so that it is no longer the same as the initial laying temperature, and

sometimes is significantly different. In fact, in many cases, this force-free temperature* is no

longer known.

'The force-free temperature is defined as the temperature at which the longitudinal force in the rails is zero.
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2.2 Track Buckling Mechanism

With this combination of mechanical and thermal activities, significantly large longi-

tudinal forces can be built-up in the track. When the longitudinal compressive force builds up

to the point where it exceeds the ability of the track structure to restrain it, or when it is

combined with external disturbances, such as from passing trains, track buckling can occur.

This potential for track buckling has been recently explained by analytical investigations

into the track buckling mechanism [5,6,9]. Looking at equilibrium states*** for perfectly

straight track, as shown in Figure 3, it was determined that there exists a straight (unbuckled)

state. Branch I, and a deformed (buckled) state. Branch II. When the effective rail tem-

perature increases AT is less that ATi , the minimum point on the deformed Branch II (Figure

3), there exists only one equilibrium state, the straight configuration. So, even if the track is

disturbed or pushed at this point, it will return to its straight configuration. However, when

the rail temperature increase ATo is greater than ATl (Figure 3), there are three equilibrium

states for the track: the (stable) straight state ®, the (unstable) deformed or buckled state @,
and the (stable) deformed or buckled state (3). Thus, when the temperature increase is more

than ATl, a sufficiently large disturbance can push the straight track into a deformed or

buckled state.

Since railroad track is never "perfectly" straight, the presence of geometric imperfections,

such as misalignments in the track, change the equilibrium curve to that shown in Figure 4.

In this case, there is a critical temperature increase AT^, at which, even without additional

disturbances, the track will buckle. In addition, for temperature increases less than T„ at

which, even without additional disturbances, the track will buckle. In addition, for tem-

perature increases less than Tcr, but more then Tl, the track can still buckle if a sufficiently

large disturbance should occur. Only when the temperature increase is less than ATl. is the

track "safe" from buckling.

The results of these analyses [5,9] are summarized in Figure 5, in which this safe tem-

perature increase ATl is plotted against lateral and longitudinal resistances of the rail-tie

structure in the ballast, for different rail section sizes.

It should be noted that, according to these and other analyses, the buckling resistance of

the track is dependent upon:

(a) The lateral resistance exerted by the ballast on the rail-tie structure.

(b) The longitudinal or axial resistance exerted by the ballast on the rail-tie structure,

(c) The structural parameters of the rail-tie system, such as rail section size, tie spacing,

track gage, etc, and

(d) The torsional resistance of the fasteners in the plane of the track (assumed to be zero

for cut-spike track).

Thus, any design or maintenance activity that alters any of the above factors will result

in a change in the resistance of the track to buckling. In particular, according to [5], a survey

of test results show that the lateral and longitudinal resistance values are affected by the

following factors:

(1) Type of tie and ballast, tie spacing, shoulder width and heighth,

(2) Weight of the rail-tie structure (vertical load).

"Equilibrium states of a structure are defined as those configurations of the structure in which the equihbrium of forces is

satisfied These cquiMbrium configurations can be stable, where, after a small disturbance, the structure will return to its

original configuration or unstable, where the structure will not return.
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(3) Tonnage over the track, i.e., level of consolidation,

(4) Track maintenance activities which involve disturbance of the ballast, and

(5) Climatic factors, such as humidity and temperature, especially frozen vs. unfrozen

track conditions.

It will be seen in the next Section that many of the current railroad practices address these

and other factors, which have been found, through experience, to affect track buckling.

3.0 CURRENT RAILROAD PRACTICES

In order to examine the current North American Railroad practices for the laying and

maintenance of continuous welded rail, a survey of current practices was undertaken.

In particular, information on railroad instructions was collected in the following catego-

ries:

(1) Preparations in advance of laying CWR: a) subgrade restoration, b) tie renewals, c)

ballast section.

(2) Laying welded rail: a) procedure for adjustment of rail length to correspond to a

preestablished force-free temperature, b) limitation on curvature and special conditions for

laying rail on curves, c) policy for laying welded rail on bridges, d) anchorage of the rail, e)

track spiking standards.

(3) Maintenance of welded rail track: a) limitations on track surfacing operations, b)

limitations on tie renewal operations, c) adjustment of rail length at locations of high com-

pression or tension.

(4) Other

The requested data were furnished by ten railroads. These data are shown in Appendix

A, in order to facilitate a comparison of the various instructions by the different railroads

relating to each category. Data have been selected which have a bearing on track strength

requirements for CWR, and data have been eliminated related to the loading and unloading

of CWR and to bolted rail track. The AREA Manual Recommendations for 1979 [1] relative

to the laying and maintenance of CWR have also been included.

3.

1

Discussion of the Data

The following discussion attempts to describe those practices in which there is a consensus

among the railroads surveyed. For more specific information on individual railroad practices.

Appendix A should be consulted.

3.2 Preparations in Advance of Laying CWR

3.2.1 Subgrade Restoration (Bank Widening)

The subgrade is restored prior to the laying of CWR. A time intcr\al of 1 to 2 years is

specified by several roads, in order to give material added to the shoulder the time to stabilize.

3.2.2 Tie Renewals

Tie renewals are performed in advance of laying the CWR. A one year period is specified

by several roads to allow traffic to compact the ballast support for the new tics.

3.2.3 Ballast Section
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The most significant considerations are the width of the ballast section beyond the tie ends

and if it is level with the tie ends. The majority of the roads bring the ballast up to a level even

with the tie ends. There are considerable differences in practice with regards to the amount

that the ballast shoulder extends beyond the tie ends. Some roads use a wider ballast shoulder

on the outside of curves, but not on the inside. The objective of using a wider shoulder is to

increase the lateral resistance of the track. However, added ballast shoulders are costly,

particularly on the outside of curves because of the elevation of the outer rail.

3.3 Laying CWR

3.3.1 Rail Length Adjustments

The temperature is measured on the shaded side of the rail base.

The desired rail temperature for anchoring the string is specified with regard to climatic

conditions.

The tolerance range for the permitted laying temperature is in fair agreement among the

roads, but some variations exist.

A differential length table is used to indicate the amount of adjustment for different rail

lengths and for different ambient temperature conditions. Match marks on the rail base and

tie plates are used to check for rail movements while adjusting the length.

The rail is tapped or vibrated to enable it to be free for expansion or contraction. (Care

should be exercised if a maul is used).

The string is anchored when the desired rail temperature is reached.

A rail heater (cooler) unit or rail puller is used to obtain the desired rail temperature.

Some roads use only a heater unit.

The rail laying temperature is recorded by painting the web at the ends of the string, or

by use of metal tags on the ties or rails. In addition, records of the rail laying temperature for

each string are maintained. This is desirable in the event that the painted data or tags are lost,

and also to give headquarters quick information in the event of track buckles or rail pull-

aparts.

The anchorage pattern used is a box anchorage. However, some variation exists as to

anchoring every second or third tie.

The anchor pattern at bolted joints, insulated joints and field welds varies. Only two of

the ten roads box anchors every tie for a specified distance from the field welds. In contrast,

all ten roads do this for bolted joints and insulated joints that are not adhesive bonded. There

are considerable differences in the distances specified for this, ranging from a low of 195 ft.

to a high of 390 ft.

Reinforcing straps used at field welds: two of the ten roads use reinforcing straps, whereas

another road considers them to be unsafe, because they will not prevent a broken weld from

opening and may give a false clear signal indication.

3.3.2 Policies on Curves.

The sharpest curvature permitted for CWR on open track (no bridges) showed consid-

erable differences in practice. One road limits CWR to one degree thirty minutes curves, one

to five degree curves, three to ten degree curves, and five have no restrictions.
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3.3.3 Policies for Laying CWR on Bridges.

Ballast deck bridges are treated the same as open track. No rail joints are permitted on,

or within a specified distance from open deck bridges. The specified distance varies from 195

to 312 ft.

3.3.4 Anchorage of CWR

Several practices relating to this are reported under Section 3.3.1. There appears to be

no real consensus on the anchorage of CWR rail on bridges, except for ballast deck bridges.

The AREA Manual [ 1 ] states: "Because of lack of research data, there is no way to accurately

predict the behavior of rail on bridges under the influence of temperature changes, braking

and traction for trains, and creep. The recommendations which follow are based on experi-

ence." The following items relate to the anchorage of CWR on open track, and were not

included in Section 3.3.1.

Box anchor every tie for connection to jointed rail: all ten of the roads box anchor the

CWR, for a specified distance and pattern, where it connects to jointed rail. The specified box

anchoring distance for each tie varies from 156 to 234 ft. One road box anchors every tie for

200 ft. on the jointed rail that connects to the CWR.

The basic anchor pattern is altered for differing situations. If anchors are required on one

rail, the opposite rail is also anchored in the same way.

3.3.5 Track Spiking Standards.

Considerable variations exist in the instructions from individual roads. This relates to the

degree of curvature, tonnage, train speed and type of track.

3.4 Maintenance of CWR T^ack

3.4.1 Limitations on Track Surfacing Operations.

Track surfacing is scheduled when the rail temperature is at or below a given temperature.

Six roads specify a temperature limit, three of which are the rail laying temperature. If track

surfacing is necessary in hot weather, ballast is dumped to provide full cribs and shoulders after

surfacing.

The track is raised the minimum amount necessary, in a single raise. Two roads restrict

the raise to IVi in. max., one to 3 in. max. one to 2" average, and one to V* in. max, if the rail

temperature is over 90-deg. Both rails are raised simultaneously.

A full ballast section is maintained at all times.

Slow orders are imposed during and after maintenance work. Variations exist, since some

roads leave this to the judgement of local supervisory personnel. Others have slow order

policies based upon tonnage or time.

3.4.2 Limitations on Tie Renewal Operations.

Tie renewals are scheduled when the rail temperature is at or below a specific tem-

perature. Three roads reported their tie renewal operations temperature as follows: one road:

+ 20 to -40 degrees of the rail laying temperature; one road: at a rail temperature below KM)

degrees; one road: 10 degrees above the rail laying temperature; and three roads at the rail

laying temperature. Ballast disturbances are to be minimized.

For each tie with the spikes removed, the minimum number of fully spiked adjacent ties

are specified, e.g., six roads specify three ties.
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3.4.3 Adjustments of Rail Length, When Required

Pull aparts of less than three inches are to be repaired by stretching or by heating the rail.

Eight roads reported this, except for one which specified an opening of four inches. All joints

are to be inspected every twelve months and any bent bolts replaced. This was specified by

seven roads, except that one road replaced all joint bolts each year and one required monthly,

rather than yearly, inspections. During extended cold periods, several roads required the

inspection to be conducted weekly.

3.5 Other Considerations

All anchors are to be kept tight against the bearing face of the tie. Anchors are not to be

driven along the rail base, rather removed and reapplied. This was specified by five roads. One

permits driving the anchor, if it does not have to be moved more than 1 in.

Visual inspections are to be conducted at sinks, culverts, deck bridges, at bridge ends,

along service roads, at footpath crossings, and at joint bolt locations. Inspections are to be

made for rail moving through anchors, for track moving with traffic, short flat spots in curves,

line kinks in tangent track locations, floating ties, or rail bases improperly seated in the tie

plates.

Pull aparts and track buckles are to be reported and records kept on all rail openings.

4.0 STUDY OF TRACK BUCKLING INCIDENTS

In order to better understand the circumstances surrounding incidents of buckled track,

a study was made of 479 reported cases of buckled track. These cases occurred on one major

U. S. Class One Railroad, which internally collected data on all reported track buckling

incidents, whether or not they caused a derailment.

These 479 cases occurred during the period 1976 through 1979, but the available data was

concentrated around the period of 1977-78.

The following discussion is based on a careful study of the survey data, in comparison with

known railroad practices and theory. A complete summary of the survey data is presented in

Appendix B.

The 479* cases represent an equivalent period of approximately 2Vi years.** Noting the

distribution shown in Table B-1 of Appendix B, it appears that between 180 and 200 buckles

were occuring annually. Of these, approximately 12% resulted in actual derailments (See

Table B-5). The remainder were found and corrected before a derailment could occur. The
railroad involved has approximately 11,000 miles of track. Thus, there were approximately 2

buckles occuring for every 100 miles of track in one year period, of which one in ten resulted

in a derailment.

In examining the month of occurrence (See Table B-2), it is apparent that the spring and

early summer months are the season for track buckles. Of these cases reported, over 80%
occurred during the months of May, June and July, with 47.5% occurring in May alone. This

suggests that maintenance of way forces should be alert for buckles during the spring and early

summer, specifically the first hot days of the season following the winter period.

•Note: Although 479 cases were reported and had forms filled out. not all of the questions were answered on all forms Thus,
in many cases, there was missing a suhportion of the 479 events. These are shown in Appendix B as missing. The adjusted

frequency, shown in Appendix B. removes the missing cases and deals only with the cases for which information was available.

"Data for 1975, 76 and 79 was not complete and did not cover all of tfie incidents during those years.
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This is further confirmed by examining the ambient air temperature at the time of

buckling (Table B-3). It can be seen that the ambient temperature range of 85-l(K) degrees

accounted for over 75% of the buckles.

However, to more fully understand the significance of the buckling temperature, it is

necessary to know the difference in temperature between the actual rail temperature, at the

time of buckling, and the force-free temperature, defined earlier. This temperature differ-

ence, AT, is the one shown in Figure 5, and discussed previously. Table B-4 attempts to

examine AT for these cases. Since the force-free temperature is not known, what is shown in

Table B-4 is the difference between the rail temperature (assumed to be the ambient air

temperature + 30 degrees F.) and the initial laying or last adjusted temperature. Since the

force-free temperature at the time of the buckle most probably had changed during some time

period,* this AT value is probably low. Keeping that in mind, it can be seen that the AT range

of 35-55 degrees F. above laying temperature accounts for over 75% of the buckles (Figure 6).

Note too, that this corresponds to the theoretically predicted values in Figure 5, for low lateral

resistance.

Since the change in force-free temperature is related to the time that the rail has been in

track without adjustment, this laying time was also determined by subtracting the year laid (or

last adjusted) from the year of occurrence.

It can be seen in Table B-17 that the initial two year period after laying accounted for 56%
of the buckles. The subsequent 12 years accounted for another 36%. Thus, it appears that the

initial two to three years after installation is a critical period, during which the track is most

susceptible to buckling. This could be attributed to a change in the force-free temperature

during this time, early failure of improperly laid rail or increased resistance of the track with

time.

In examining the effects of grade (Table B-6), speed of operation (Table B-7). and train

action (Table B-8), no readily discernible pattern emerges. However, in looking at the effects

of an adjacent structure (Table B-9) it is seen that 55% of the buckles occurred within UKH)

feet of a structure. Thus, the effect of an adjacent structure in the build up of mechanical

compressive forces and the corresponding change in the force free temperature can be signifi-

cant.

In looking at the effect of alignment (Table B-1 1) it is readily apparent that the presence

of curvature is significant. Over 80% of the buckles were found to occur on curves, even

though 66% of the railroad was on tangent track. In further examining the effect of curvature

(Table B-12), it can be seen that the sharper curves, i.e., those between 5 and 10 degrees,

account for 60% of the buckles, although they represent only 7% of the railroad's trackage.

In looking at the relative likelihood of buckling (Table B-12), it appears that a to 3

degree curve is three times as likely, a 3 to 5 degree curve is seven times as likely, and a 5 to

10 degree curve is twenty times as likely to have a buckle as tangent track (Figure 7).

The correlation of rail weight with buckling (Table B-13) indicates that the heavier rail

sections, in particular the 131-140 lb. sections, show an increased tendency towards buckling.

While the theory does show that heavier rail sections require a lower AT (Figure 5) to buckle,

a larger proportion of the heavier rail is laid on curves than the corresponding lighter sections.

Thus, noting the very significant curvature effect, it is difficult to draw any significant conclu-

sions from these data.

The difference between CWR and jointed rail, however, is quite significant (Table B-14),

particularly in view of the fact that there is more jointed track than CWR track. This is

*Scc ihc discussion in Section 2. 1 on Longitudinal Rail Forces



14 Bulletin 684—American Railway Engineering Association



Paper by A.M. Zarembski and G.M. Magee 15

expected from practice, as well as theory, since it is in CWR that significant longitudinal forces

are likely to build up. However, if jointed rail is laid tight at low temperature, it too can

experience a build up of longitudinal forces. There does not appear to be a strong correlation

between laying methods (Table B-14) and buckling. This is as expected, provided that a

consistent laying temperature and anchoring policy is maintained.

The need for this consistency in laying temperature shows up in Table B-16, which looks

at the month or time of year that the rail was laid. There is a significant correlation between

rail laid during the late fall and winter months and the occurrence of buckles. Though the

sample is small, 45% of the 199 reported cases were laid in October, November or December

(Figure 8). This seems to indicate that proper adjustments for laying temperature, which is

very important in cold weather, were not consistently maintained.

The presence of pull-aparts in adjacent track (Table B-19) is also related to the laying

temperature. In the cases reported, over 90% of the locations where buckles took place did

not have any pull-aparts reported nearby, suggested that the effective laying temperature in

those areas might have been too low.

Looking at the effect of ballast condition (Table B-20), it is observed that in 39% of the

reported cases, ballast condition was not good. In almost 30% of the cases the ballast section

was nonstandard, with an inadequate shoulder or crib. This condition would result in de-

creased lateral and longitudinal resistance to the track. As noted earlier, with a decreased

lateral and longitudinal resistance, the temperature increase needed to buckle the track

decreases (Figure 5) and consequently the possibility of buckling increases.

The same effect can be seen with the presence of maintenance activities, such as tie

replacement (Table B-23) or surfacing (Table B-24). These activities, which also decrease

lateral and longitudinal resistance, show some correlation with track buckling. However, it

should be noted that less than 10% of the reported cases had maintenance performed within

one week of the buckling occurrence.

5.0 STUDY OF DERAILMENTS CAUSED BY TRACK BUCKLING

In addition to the study of track buckling incidents, a second study was conducted on a

selected group of buckling-caused derailments during the period 1976 to 1979. In this latter

study, a group of 65 derailments was selected from FRA and CTC-reported derailments

throughout North America, and a questionnaire form sent to the participating railroads.

These derailments were generally on track that was FRA Class 3 or better and do not represent

all the track-buckling-caused derailments that occurred during this period.

The following discussion is based on a careful study of the respondent questionnaires, in

comparison with the previous buckling incident study, current theory and railroad practices.

A complete summary of the survey data is presented in Appendix C.

Looking at the month of occurrence (Table C-1) it is readily apparent that the spring and

early summer period noted in the track incident study is, here too, the peak buckling season.

The months of May, June and July accounted for over 70% of the buckling derailments.

In examining the time of day for these occurrences (Table C-2), it is the afternoon period,

which in fact represents the warmest period of the day, that accounts for the vast majority of

the derailments. Between noon and 6 P.M.. 89% of the derailments occurred. The air tem-

perature (Table C-3) that corresponded to these derailments was generally in the 80- UK)

degree F. range that was also noted in the incident study.

The laying or adjusted temperature for most of these cases was not available, con-

sequently no conclusions can be drawn about the temperature increase at the time of the
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derailment. It is worth noting, however, that most of these areas had been in place for a period

of time prior to the buckle (Table C-10). About 38% of the incidents occurred within four

years of installation, with the remainder spread out over a period of 75 years. The initial

critical period of about three years, seen in the incident study, also appears in this study.

However, since no information is available about recent adjustments, no firm conclusions can

be drawn from these data.

A very interesting effect was observed in looking at the location under the train where the

derailment occurred (Table C-14). This information was obtained from the location of the first

derailed car. In over 90% of these derailments, the first derailed car was 10th or further back

in the consist, with a large percentage being in the rear half of the train. If the train action for

these cases is examined (Table C-5), it is found that only 22.6% of the cases reported any

braking or other action prior to the derailment, with 77.4% reporting normal train operations.

Thus, it appears in many of these cases that the passage of the train, under normal train

operating conditions, was a factor in the buckling event.

Noting that in the incident study almost 90% of the buckles were found prior to a

derailment, it appears that both mechanisms of track buckling discussed earlier are at work.

In one case, the ambient temperature increase, when combined with a geometric imperfection

or strength weakness, approaches the ATc, value (shown in Figure 4) and causes a buckle.

Vigilant inspections by maintenance of way forces appear to detect these. In the second case,

those in which most of the derailments occurred, it appears that the temperature increase is

less than ATcr, but more than ATl (Figure 4). In this case, it is the passage of the train that

disturbs the track or increases the compressive force in the rail" and causes it to buckle.

The alignment effect observed in the incident study is also observed here (Table C-6).

Curved track accounted for 57% of the derailments, yet represents significantly less than

one-half of the North American trackage. Grade (Table C-7) shows no apparent correlation

to buckling. It should be noted that most trackage, on a percentage basis, has a grade of less

than 1%.

The effect of rail weight (Table C-8) appears to support both the theory (Figure 5) and

the incident study, since the heavier rail sections, 131-140 lbs. per yard, accounted for 47%
of the derailments. CWR is also noted to be a significant factor (Table C-9), however, the

relatively large number of derailments on jointed track (31%) is unexplained at this time. Part

of the answer is related to the age of the track (Table C-10) and the corresponding insufficient

rail anchorage and poor condition of the ballast section together with the larger mileage of

jointed track. The theory, railroad practice and the incident study, however, suggest that this

high percentage of jointed track buckles is not representative.

Looking at the condition of the ballast or of the ballast section (Table C-12), it is noted

that 36% of the conditions were reported to be poor to substandard. This agrees with the

buckling incident study. In addition, in the occurrence of recent maintenance activity (Table

C-13), 29% of the derailments had maintenance performed within 24 hours. This supports the

effect noted earlier, in which a decrease in lateral resistance of the ballast is a significant

contributor to track buckling. Once again, this agrees with the theory. Figure 5.

Finally, it should be noted that several of these derailments reported a condition of

inadequate anchorage of the track, with a corresponding running of the rail. While no good

statistics are available, this ap|>ears to support the idea of mechanical creep lowering the

force-free temperature which, together with a low longitudinal resistance, increases the poten-

tial for buckling.
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6.0 CONCLUSIONS

It has been the purpose of this Report to examine current railroad practices for laying and

maintenance of CWR together with two recent studies of track buckling incidents, in order to

better understand the problem of railroad track buckling. Though no specific recommen-

dations are made, several general observations should be noted.

It is apparent that a great need exists for a technique to measure the force-free tem-

perature of rail in track. Even in those cases where the initial laying temperature records are

available, the actual force-free temperature may differ from the initial laying temperature.*

Thus, the effective temperature increase for a stretch of track can only be estimated, even

though the ambient air or rail temperature is known. Research is currently underway to

address this problem.'' However, because of this deficiency of information, railroad mainte-

nance practices to prevent track buckling must be conservative.

In the absence of specific information on the force-free temperature, accurate records

must be maintained on the laying temperature of the rail. Furthermore, the rail laying tem-

perature must be properly selected, since too low a laying temperature can result in a buckle

and too high a laying temperature can result in pull-apart.

As can be seen from the surveys, most railraods are aware of the need for a defined laying

temperature or temperature range. However, there are variations in the different railraods'

practices and between practice and theory. Further study in this area is needed.

Proper control of the rail laying temperature requires a well-defined and consistent rail

laying procedure. While most railroads have a formal procedure, there are variations, even on

a given railroad, as to the consistent application of this procedure. This consistency is es-

pecially important for installation in periods of cold weather.

The spring and early summer months appear to be the times of the year in which track

is most susceptible to buckling (Figure 9). This is the time when the track is subjected to a

significant temperature increase after the winter months and the resistance of the track has

been reduced. As such, local maintenance and inspection personnel must be especially alert

during this time. Afternoon, i.e., noon to 6 P.M., the hottest part of the day, appears to be

the most critical time.

After installation (or adjustment), the first three to four years appear to be particularly

critical (Figure 10). This could be attributed to a change in the force-free temperature during

this time or to the early failure of improperly laid rail. Without having reliable information on

the changes from installation temperature, it can only be noted that the temperature range of

35 to 55 degrees F., above laying temperature, appears to be critical.

The problem of controlling mechanical creep in the rail is also significant. This creep is

the factor that most influences the change in force-free temperature. Consequently, track

should be well anchored, a practice that is generally followed, but with some variation in

pattern. This creep is especially noticeable in the vicinity of a structure that offers increased

longitudinal resistance, such as a crossing, turnout, bridge, etc.

The effect of curvature on track buckling appears to be very significant. Heavy curvature,

between five and ten degrees, seems to strongly increase the likelihood of buckling. This is an

area in which significant variations in practices among railroads exist. Some railroads do not

lay CWR on heavy curves, while others have no restrictions or curvature limits. Similarly,

significant variations in shoulder width and spiking pattern policies exist. The ballast shoulder

width, which affects the lateral resistance of the track, may be quite important, especially on

•See the discussion in Section 2.1 on Logitudinal Rail Forces
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curves. Whether this is cost effective is still to be determined. However, while some roads do

not differentiate between tangent and curves, other roads increase the shoulder width on

curves.

To maintain lateral resistance, the ballast condition must also be maintained, with full

shoulders and cribs, and good ballast. Low lateral resistance, as seen in both theory and

practice, increases the likelihood of buckling. Thus, any maintenance operation that reduces

lateral resistance, such as surfacing or tie renewal, must be carefully controlled. This is another

area in which significant variation in railroad practices exist. Policy variations for slow orders

on track after maintenance, for allowing the ballast to consolidate, and for temperature

restrictions on maintenance operations, show that this too is an area in which further study is

needed to answer fundamental questions.

The reader should further examine this survey data, and compare it with both practice and

experience, as well as theory. This report is intended to serve as a guide, to help focus

attention on critical problem areas, in the effort to prevent track buckling, and in the longer

run to show the need for further research into several of these areas. However, it is hoped that

by presenting the current practices, together with these buckling studies, useful observations

can be made and more effective techniques developed to help prevent these track problems.
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8.1 Appendix A

Laying and Maintenance Practices

for Continuous Welded Rail (CWR)
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8.2 Appendix B

Statistical Summary for

Study of Track Buckling Incidents.

Data for Incidents Reported on One

Major U. S. Class One Railroad for

1976-1979, Primarily 1977-1978.

Total Number of Incidents: 479

Note: Not all incidents resulted in

derailments.



34 Bulletin 684—American Railway Engineering Association

Track Buckling Incident Study

Table Subject

B-1 Year of Occurrence

B-2 Month of Occurrence

B-3 Temperature at Time of Track Buckle

B-4 Change in Temperature at Time of
Track Buckle

B-5 Did Buckle Cause a Derailment?

B-6 Track Gradient

B-7 Maximum Authorized Speed

B-8 Normal Train Operation

B-9 Distance from Buckle to Structure

B-10 Type of Structure

B-11 Track Alignment

B-12 Track Curvature

B-13 Weight of Rail

B-14 Type of Rail and Laying Method

B-15 Year of Rail Laying

B-16 Month of Rail Laying

B-17 Time Period of Rail in Track

B-18 Reasons for Rail Adjustments
After Laying

B-19 Other Rail Pull-Aparts
in the Vicinity?

B-20 Ballast Conitions

B-21 Drainage Conditions

B-22 Type of Ballast

B-23 Tie Maintenance Activities

B-24 Out-of-Face Surfacing Activities



Adjusted
Frequency

(%)
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Table B-3

Air Temperature at Time of Track Buckle

Air
Temperature
(Degrees F.

)

70-74

75-79

80-84

85-89

90-94

95-99

100-104

105-110

More than 110

TOTALS: 4 79 100

Absolute
Frequency
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Table B-4

Change in Temperature at Time of Track Buckle

AT = (Air Temp. + 30°F.)- Laying (or Adjusted) Temperature*

Change in Temperature, AT
(Degree F.

)

5

10

15

20

25

30

35

40

45

50

55

60

65

70

Missing Data

TOTALS 479 100
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Table B-5

Did Buckle Cause a Derailment?

Response

No

Yes (Level Track)

Yes (Ascending Grade)

Yes (Descending Grade)

Yes (No Data)

Missing Data

TOTALS

:

Absolute
Frequency
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Table B-7

Maximum Anthorized Speed

Maximum
Authorized Adjusted
Speed Absolute Frequency
(Miles per Hour) Frequency (%)

10 18 4.1

15 8 1.8

20 15 3.4

25 39 8.8

29 1 0.2

30 143 32.2

35 64 14.4

40 69 15.5

45 36 8.1

50 28 6.3

55 11 2.5

60 11 2.5

70 1 0.2

Missing Data 35 —

TOTALS: 47 9 100
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Normal
Train
Operation

Running at
Steady Speed

Accelerating

Braking for a Speed
Restriction

Braking for a Stop

Missing Data

TOTALS

:
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Distance
(Feet)

Less than 100

100-250

250-500

500-1000

Over 1000

Missing Data

TOTALS

:

Table B-9

Distance from Buckle to Structure

Absolute
Frequency

45

61

41

71

168

93

Adjusted Frequencym
11.7

15.8

10.6

18.4

43.5

479 100

Table B-10

Type of Structure

Type of
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Table B-11

Track Alignment

Track
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Table B-13

Weight of Rail

Weight of
(Pounds pe
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Year

1922

1923

1929

1948

1949

1950

1953

1956

1957

1958

1959

1960

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

Table B-15
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Table B-15 (Con't)

Year of Rail Laying

Year

1975

1976

1977

1978

1979

Missing Data

TOTALS: 479 100
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Month

January

February

March

April

May

June

July

August

September

October

November

December

Missing Data

TOTALS

Table B-16
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Table B-17

Time Period of Rail in Track

Time Period = Year of Occurrence - Year Laid (or Last Adjusted)

Time
Period
(Years)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

18

19

20

21

22

26

28
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Table B-17 (Con't)

Time Period of Rail of Track

Time Period = Year of Occurrence - Year Laid (r Last Adjusted)

Time
Period
(Years)

29

30

48

53

55

Missing Data

TOTALS: 479 100

Absolute
Frequency
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Table B-18

Reasons for Rail Adjustments After Laying

Reason

Maintenance

Buckle

Derailment

Other

No Adjustment or
Missing Data

TOTALS

:

Absolute
Frequency

9

6

1

9

454

479

Relative
Frequency

(%)

1.9

1.3

0.2

1.9

94.8

100

Table B-19

Other Rail Pull-Aparts in the Vicinity?

Response

NO

Yes

Missing Data

TOTALS

:

Absolute
Frequency

419

33

27

479

Adjusted
Frequency

(%)

92.7

7.3

100



50 Bulletin 684—American Railway Engineering Association

Ballast
Condition

Good

Disturbed

Non-standard

Poor Drainage

Poor or
No Information

Missing Data

TOTALS

:

Table B-20

Ballast Conditions

Absolute
Frequency

270

32

131

6

5

35

Adjusted
Frequency

(%)

60.8

7.2

29.5

1.4

1.1

479 100

Drainage
Conditions

Good

Fair

Poor

Missing Data

TOTALS

:

Table B-21
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Type of
Ballast

Stone

Slag

Cinder

Other

Missing Data

TOTALS

:

Table B-22
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Table B-24

Out-of-Face Surfacing Activities
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8.3 Appendix C

Statistical Summary for

Study of Derailments Caused by

Track Buckling'

Time Period: 1976-1979

Track Classes: .1 to 5

Total Derailments: 65

'FRA Reported Derailmenis Attributed to

Code 1 1.'' (Buckling) or Canadian

Transport Commission Equlvalcnl

Month

January

February

March

April

May

June

July

August

September

October

November

December

TOTALS

:

Table C-1

Month of Occurrence

Absolute
Frequency

2

2

3

4

17

15

15

6

1

0_

65

Relative
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Time of
Occurrence

10 AM - 12 Noon

12 Noon - 2 PM

2 PM - 4 PM

4 PM - 6 PM

6 PM - 8 PM

8 PM - 10 PM

10 PM - 12 Midnight

12 Midnight - 10 AM

Missing Data

TOTALS

:

Table C-2

Time of Occurrence

Absolute
Frequency

1

11

26

19

4

2

2

65

Table C-3

Air Temperature at Time of Derailment

Air Temperature
(Degrees Fahrenheit ]

Below 7

70 - 79

80 - 89

90 - 100

Above 100

Missing Data

TOTALS

:

Absolute
Frequency

7

16

20

15

1

6

65

Adjusted
Frequency
(%)

1.6

17.5

41.3

30.2

6.3

3.2

0.0

0.0

100

Adjusted
Frequency

(%)

11.9

27.1

33.9

25.4

1.7

100
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Table C-4

Did Buckle Occur Under a Train?

Adjusted
Buckle Absolute Frequency
Location Frequency (%)

Buckle Under Train* 44 92

Buckle Ahead of Train 4 8

17Missing Data

TOTALS: 65 100

First Car Derailed Was 10 Cars or More Behind Locomotive

Table C-5

Mode of Train Operation at Time of Derailment

Adjusted
Mode of Train Absolute Frequency
Operation Frequency (%)

Normal 41 77.4

Braking or Other Action 12 22.6

Missing Data 12 -

TOTALS: 65 100
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Track
Alignment

Tangent

Curved

TOTALS

:

Table C-6

Track Alignment

Absolute
Frequency

28

37

65

Relative
Frequency

(%)

43

57

100

Track
Gradient
(Percent)

Less than 1

1 TO 2

Greater than

Missing Data

TOTALS

:

Table C-7

Track Gradient

Absolute
Frequency

58

4

3

65

Adjusted
Frequency

94

6

100
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Table C-8

Weight of Rail

Weight of
(Pounds pe
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Table C-10

Time Period of Rail in Track

Time Period = Year of Occurrence - Year Laid (or last Adjusted)*

Time Adjusted
Period Absolute Frequency
(Years) Frequency (%)

4 6.7

1 7 12.1

2 3 5.2

3 3 5.2

4 5 8.6

5 2 3.4

6

7 3 5.2

8

9 1 1.7

10 4 6.9

11 4 6.9

12 4 6.9

13 2 3.4

14 1 1.7

15 2 3.4

16 2 3.4

17 1 1.7

18 2 3.4

19

20 2 3.4

>20 (Oldest = 75) 6 10.3

Missing Data 7

TOTALS: 6 5 100

*Note: No history of rail adjustments was available. In many cases,
the rail was more recently adjusted, thus lowering this value
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Type of
Ballast

Crushed Stone

Slag

Chat

Pit Run Gravel

Crushed, Washed and
Screened

Other Types

Missing Data

TOTALS

:

Table C-11

Type of Ballast

Absolute
Frequency

35

4

3

4

5

3

11

Adjusted
Frequency

(%)

64.8

7.4

5.6

7.4

9.3

5.6

65 100

Ballast
Conditions

Good

Poor or
Substandard

Missing Data

TOTALS

:

Table C-12

Ballast Conditions

Absolute
Frequency

32

18

15

Adjusted
Frequency

(%)

64.0

36.0

65 100
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Table C-13

Recent Maintenance Activities

Time Period

within 24 Hours

1 to 5 Days

5 to 30 Days

No Information *

TOTALS

:
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THE THOMPSON RIVER CANYON

River valleys are often key parts of the alignment of important railway routes. Sometimes

these rivers have canyons through mountain ranges which would otherwise form a very

difficult obstacle to construction of a reasonable railroad grade. Because the elevation of the

river is usually so much lower than the mountain ranges through which they cut. these canyons

are often spectacularly scenic, but the slopes of the canyon walls and past changes in the course

of the rivers can set up potential slides and other challenging instability problems.

One such canyon is the Thompson River Canyon in British Columbia, which provides the

routes for the transcontinental main lines of both the Canadian Pacific and Canadian National

Railways through British Columbia between Savona and Lytton, where the Thompson's clear

blue waters mix with the milkier waters of the Frazer River. This area has a low annual rainfall

and is almost desert-like in many places. Summer temperatures in Lytton have been as high

as 112T(44°C).

In the above picture, an eastbound Canadian National unit coal train hugs the northern

bank of the Thompson River while the Canadian Pacific line can be seen along its southern

bank. Above the Canadian Pacific is Highway Route 1, the Trans-Canada Highway.

The Thompson River Canyon then, is one of the most vital arteries of Canadian com-

merce. Since both railway lines are experiencing large increases in traffic, additonal railway

tracks probably lie in the Thompson River Canyon's future.

This feature is the first of a planned continuing series of short photo features to be

included in each issue of the A.R.E.A. Bulletin. These features, to be coordinated with the

Bulletin cover, will show some of the more scenic and spectacular railway engineering

accomplishments in North America.

63



64 Bulletin 684—American Railway Engineering Association

The scenes on this page show some of the difficult conditions in Thompson Canyon. The

Canadian National is shown above, and the Canadian Pacific below, both at locations within

a few miles east of Lytton. The engineering challenges shown in these shots are obvious, as

is the overwhelming grandeur of the scenery.



Thompson River Canyon Feature 65

As the shots on this page show, not all scenes in the Thompson Canyon are as rugged as

those on the previous page. The above shot shows the Canadian National between Spences

Bridge and Ashcroft, and the scene below shows the Canadian Pacific east of Lytton, with

Canadian National tracks in the background.
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USE OF GEOTECHNICAL FABRIC
IN RAILROAD OPERATIONS

A State-of-the-Art Study

by T. Allan Haliburton, Ph.D., P. E.*

PREFACE

This study describes research conducted by the School of Civil Engineering, Oklahoma

State University (OSU), for the Association of American Railroads (AAR), and designated

as AAR-OSU Project EN 4113, to evaluate the current state-of-the-art of geotechnical fabric

usage in the railroad industry and the potential of geotechnical fabric to improve the design,

construction, and maintenance of railway track systems.

The work was initiated as a result of inquiries to the AAR by numerous member rail-

roads, requesting data on geotechnical fabric selection and use in railway track systems and

assistance in developing interim specifications and fabric selection criteria, until more defi-

nitive data could be developed by long-term AAR effort.

Field site visits were conducted to view geotechnical fabric test installations on the

Canadian National Railroad, Missouri Pacific Railroad Company, Southern Railway System,

and Southern Pacific Transportation Company. Prior to final publication, the report was

reviewed by the AREA-AAR Ad Hoc-Committee on Fabrics and representatives of the

visited railroads. Members of the review committee were Mr. D. J. Bertel, Missouri Pacific

Railroad Company, Mr. J. B. Farris, Southern Railway System (Chairman, AREA-AAR Ad
Hoc Committee), Mr. Thomas B. Hutcheson, AAR Consultant, Mr. J. E. Newby, Southern

Pacific Transportation Company, Dr. M. R. Thompson, University of Illinois, and Mr. A. W.

Worth, Canadian National Railroad.

Dr. T. Allan Haliburton, P. E., Professor of Civil Engineering, acted as principal in-

vestigator and was responsible for organization and direction of the work. The report was

written by Dr. Haliburton. Guidance and direction during conduct of the study were provided

by Dr. W. Tony So, P. E., Senior Research Engineer, AAR, who also acted as contract

manager, and Mr. Thomas B. Hutcheson, Consultant, AAR. Manager of the AAR Track

Research Division during conduct of the study was Dr. Allan Zarembski, P. E.

EXECUTIVE SUMMARY

Geotechnical fabrics were found to have considerable potential for improvement of

railway track structure performance. Primary benefits are expected from material separation,

preventing subgrade intrusion and/or subballast fines pumping, and from lateral restraint of

ballast under train loads. Further research is necessary to establish and define the presence of

membrane-type action by geotechnical fabric in railway track structures. Further research also

will be necessary to determine the exact conditions under which drainage in the plane of the

fabric, observed for some nonwoven geotechnical fabrics, is desirable. The state-of-the-art in

analysis, design, and construction of fabric-reinforced vertical retaining walls and embank-

ments on soft foundation was found to be satisfactory for immediate railroad industry use,

should these concepts be applicable in specific situations. Development of user-oriented test

'School of Civil Engineering. Oklahoma State University. Stillwater, Oklahoma
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methods to measure fabric separation ability and the increase in ballast deformation modulus

caused by use of goetechnical fabric are recommended, as is a detailed review of currently

available fabric test methods, to determine their applicability to railroad operations.

When compared to the total construction and/or maintenance cost associated with railway

track structures, cost of fabric was found to be very small, thus development of appropriate

performance specifications, to maximize intervals between periodic track structure mainte-

nance, is of extreme importance. The geotechnical fabric property identified as most impor-

tant for successful long-term fabric performance in track structures was clogging resistance.

Interim recommendations for fabric selection and installation, in both new construction

and maintenance activities, were developed, and are presented in the report text. These

include suggestions for placement and location of the fabric in the track as well as types of

improvements that can be expected from the placement of the fabric.

CHAPTER 1. INTRODUCTION

In response to numerous inquiries from member railroads about selection and use of

geotechnical fabrics in railway track structures, the Association of American Railroads (AAR)
contracted with the School of Civil Engineering and Office of Engineering Research, Okla-

homa State University, Stillwater, Oklahoma, to conduct a state-of-the-art study concerning

the use potential of geotechnical fabrics by the railroad industry.

Work conducted during the study included survey of current member railroad geotech-

nical fabric usage, discussions of potential fabric use with member railroad engineer profes-

sionals, visits to existing fabric test sections, and development of hypotheses concerning

probable effects of geotechnical fabric inclusions on railway track structure performance. In

addition, geotechnical fabric properties most important in railway track structure applications

were identified and recommendations developed for user-oriented test methods and pro-

cedures, as an initial effort in a long-term AAR program to develop appropriate guide

specifications and design criteria for fabric selection and use. Interim recommendations for

geotechnical fabric selection and use in the railroad industry, prior to development of final test

methods and specifications, were also formulated. Results of the study are contained herein.

GEOTECHNICAL FABRIC

Geotechnical fabric is a generic term applied to a wide variety of artificial fiber textile

products used in engineered construction of civil works. Other names used for geotechnical

fabric include geofabric, geotextiles, filter cloth, and civil engineering fabric. Approximately

65 different geotechnical fabrics are commercially available in the United States, in both

woven and nonwoven styles and in weights from less than 3 oz/sq yd to over 26 oz/sq yd. In

general, these fabrics may be characterized by relatively light weight, moderate to high tensile

strength, initial semi-elastic behavior, ability to undergo large amounts of elongation without

rupture, permeability equivalent to that of a medium to fine sand, and high resistance to

corrosion and bacterial action. Unless specifically treated, almost all geotechnical fabrics will

undergo some deterioration after exposure to ultraviolet radiation (sunlight) for a 30- to

60-day period. Geotechnical fabrics are currently produced in 6-ft- to 6()-ft-widths, and in

lengths of up to several thousand feet on special order, by commercial weaving and/or bonding

processes on standard or modified fabric looms. Approximate fabric costs range from less than

$.3()/sq yd to over $6.(K)/sq yd, with heavyweight fabrics normally being more expensive

than lightweight fabrics and, for the same fabric weight, woven fabrics being more expen-

sive than nonwoven fabrics.
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In 1973, McGowan and Ovelton (Ref 1),' determined that geotechnical fabric had three

basic operational functions: separation, filtration, and reinforcement. In 1974, Leflaive and

Puig (Ref 2), defined a fourth function applicable to some fabrics, principally nonwoven

materials having appreciable thickness, that of drainage in the plane of the fabric. In 1977,

Steward et al. (Ref 3) defined a fifth function, lateral restraint of cohesionless soils, as a special

category of the reinforcement concept applicable to low-volume roadways. Kinney and Baren-

berg (Ref 4), in 1978, further subdivided the reinforcement concept, in evaluation of fabric-

reinforced unsurfaced roadways, to include the concept of membrane-type fabric support

developed from wheelpath rutting.

Use of geotechnical fabric in conventional filtration, drainage, and erosion control appli-

cations is well-known and satisfactory specifications for fabric selection to obtain desired

performance are available (Refs 5, 6), thus selection and use of geotechnical fabric in filtra-

tion, drainage, and erosion control is not within the scope of this study. Instead, attention will

be given to use of geotechnical fabric in the railway track structure, where fabric functions of

separation and reinforcement by lateral restraint and membrane-type action will be reviewed,

discussed and evaluated.

RAILWAY TRACK STRUCTURE COMPONENTS

In order to properly evaluate the effect of geotechnical fabric placement in the railway

track structure, it is first necessary to define the various components of a typical railway track

structure and summarize the functions of each component and the type of materials normally

used in component construction. The uppermost component in the track structure, the rail,

crosstie, and fastener component, will not be directly affected by use of geotechnical fabric,

thus only the other three components, ballast, subballast, and subgrade, will be discussed. It

should be noted, however, that improvement of track structure support and performance will

extend the life of rails, crossties, and fasteners.

Ballast

Ballast is the name given to the material placed around and under the crossties in a railway

track structure, and its function is to distribute and transmit wheel loads, facilitate drainage,

and restrain lateral and longitudinal movement of the crossties. Ballast physically separates

the crossties, where relatively high contact pressures are developed, from underlying weaker

materials. Reduction of stresses in the underlying components is caused by a combination of

physical distance separation and the relative difference in deformation modulus between

ballast and underlying components. In order to obtain maximum deflection control and stress

reduction with minimum ballast thickness, a material with excellent strength properties is

desired. The optimum ballast material is therefore a cohesionless. angular aggregate with

extremely high angle of internal friction and abrasion resistance.

Historically, the railroad industry has preferred crushed rock of an open-graded (or

poorly graded) nature, with maximum aggregate size of approximately 1.5 in. -2. 5 in., as an

optimum ballast. Such material would be classified GP by the Unified Soil Classification

System. Fine-grained granitic or basaltic rock is preferred for use in ballast aggregate, because

of its toughness, durability, and abrasion resistance. Various types of blast furnace and smelter

slag have also been used successfully. However, not all slags are suitable for this use. as many

have properties that make them powder and cement badly. Historically, crushed limestone

and dolomite have also been used, but are less desirable because of their softer nature and

tendency to degrade in the presence of moisture and under repetitive loading. Siliceous river

'References are listed, in order of first citation, at the end of the report.
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gravels have also been used in some instances, but these materials are less desirable as their

rounded particle shape has poor frictional properties.

In addition to historical precedent, several reasons exist for using a poorly graded or

open-graded aggregate around and under rails and crossties. Historically, in addition to initial

cost and availability, one reason for using open-graded ballast aggregate was to provide

improved drainage. It was reasoned that precipitation falling on the track would rapidly

infiltrate the ballast and drain laterally from the ballast, away from the alignment, thus

minimizing retention of water in the track structure. However, in many instances, repeated

live load applications from train passage and repeated tamping of track, after adding ballast

to restore surface and cross-level, may cause formation of parallel subgrade depressions or

"ballast pockets" under the rails. These pockets may trap and hold precipitation which drains

down through the open-graded ballast.

A more practical reason for using open-graded ballast in railway track structures is related

to the small difference between void ratios in minimum and maximum density states for a

poorly graded material. Ballast aggregate is placed in the track structure in a loose relative

density condition and compacted by tamping. However, the center portion of the ballast,

between the rails, is left untamped, to prevent future crosstie center binding. For this type of

mechanical compaction, it is beneficial to have a material whose maximum void ratio (in its

loosest state) is close to its minimum void ratio (in its densest state), so that appreciable ballast

subsidence and rapid loss of profile and cross-level will not occur under future train loads.

Because of its relatively open-graded nature and large aggregate size, wheel load stresses

are transmitted through ballast on a point-to-point contact basis. Also, rather than distributing

wheel loads as uniform stresses at its base, such loads are transmitted to the underlying track

structure layer at numerous isolated locations as relatively concentrated forces.

Subballast

The subballast component of a railway track system is placed between the ballast and

underlying subgrade or natural ground. Its primary function is to provide additional separation

between applied wheel loads and the subgrade. At the base of the ballast layer, wheel load

stresses have been partially dissipated by physical separation and a material with ballast

strength is no longer required. However, the magnitude of stresses existing at the bottom of

the ballast layer is often too great to be carried, without overstress, by a relatively soft

subgrade. Thus, a savings in total cost may be achieved by replacing the very strong ballast by

a lower strength material, but one with appreciably greater strength than the underlying

natural soil or subgrade.

When the existing natural ground or subgrade contains appreciable fractions of clay and

is highly plastic, the subballast also acts as a separation layer, preventing intrusion of plastic

subgrade into opengraded ballast, which would cause a marked reduction in its frictional

strength. Desirable subballast materials are thus considerably finer-grained than ballast aggre-

gate, though to obtain optimum performance the subballast should be nonplastic. Natural and

artificial sands are quite often used as subballast, as are Portland cement-stabilized sands and

rock flours. Lime-modified clay materials have also been used as subballast, as have finer

gradations of crushed limestone. However, limestone materials tend to degrade and soften in

the presence of moisture and under repetitive loading. Repetitive loadings may also cause

tensile cracking in relatively brittle cement-stabilized and lime-modified clay subballasts.

Subballast is placed directly on the subgrade during track construction and may be

compacted by either sheepsfoot, pneumatic, or vibrating drum rollers into a relatively dense

state. By using a well-graded material, higher strength is obtained with lower quality (com-
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pared to ballast) material and intrusion of soft, plastic subgrade into the smaller subballast

pore openings is hindered.

Subgrade

The subgrade is the natural ground or in-situ soil upon which the track structure is placed.

Cut and fill operations may necessitate moving natural materials short distances along the

track alignment. When cut to desired grade, the exposed soil surface is normally "proof

rolled" by appropriate compaction equipment to obtain increased density prior to placement

of the track structure and may, in some instances, be scarified and recompacted.

Problems encountered with railroad subgrades are those inherent in any project which

traverses long distances across variable types and consistencies of natural soil. Practical eco-

nomics of railway construction do not make it feasible to alter track structure component

thickness appreciably along stretches of the alignment which pass over different soil types.

Thus, an average thickness design is used in track structure construction. As a result, there

will, of necessity, be locations at which subgrade soil strength is "less than average." At such

locations, train loadings will produce subgrade overstress, with resulting excessive subgrade

deformation and loss of track structure profile and cross-level.

Also, where cohesive subgrades are encountered relatively large reductions in subgrade

strength may occur when the material is wetted. When subgrades of relatively high plasticity

are subjected to wetting, the resulting strength reduction may cause subgrade overstress with

resulting lateral displacement of the subgrade, and also intrusion of the plastic material into

the lower portion of the subballast and, in many instances, ballast. As only a small percentage

of cohesive material is necessary to markedly reduce the frictional strength of a non-plastic

subballast or ballast, such action is highly detrimental to the track structure. While poor

support behavior of railway track structures may be ascribed, in some instances, to inadequate

thickness of ballast and/or subballast and heavier than anticipated train loadings, nevertheless

the great majority of track structure support problems are caused, either directly or indirectly,

by cohesive subgrades.

BENEFICIAL EFFECTS CLAIMED FOR GEOTECHNICAL FABRIC

Numerous beneficial effects have been claimed, by manufacturers and other interested

parties, to result from placing geotechnical fabric in railway track structures. Improvement is

claimed to result from separation ability of the fabric, i.e., its ability to pass water while

retaining fines, thus stopping subgrade intrusion and/or pumping. Improvement is also

claimed from fabric ability to restrain and minimize lateral displacement tendencies of.ballast

and/or subballast under the action of train live loads, to provide membrane-support and thus

carry part of the applied live loads when deformed, and to improve track structure internal

drainage behavior and maintain more nearly uniform subgrade moisture equilibrium.

The potential feasibility of geotechnical fabric to provide these benefits, the fabric prop-

erties necessary to obtain such benefits, and the vailidity of existing test methods to determine

these fabric properties are discussed in subsequent chapters, as are recommendations for

user-oriented test method development and interim recommendations for fabric selection and

placement.

CHAPTER 2. GEOTECHNICAL FABRIC USE
IN RELATED FIELDS

Despite a considerable amount of in-house experimentation by several railroads, little

definitive data, documented case histories, and design and/or performance criteria have been



Paper by T. Allan Haliburton 71^

published concerning use of geotechnical fabric as a separation and/or reinforcement material

in railway track structures. However, experimental and analytical research and test section

construction and evaluation using geotechnical fabric has been conducted for use of fabric in

construction of low-volume unsurfaced roads, reinforced earth retaining walls, and embank-
ments on soft foundations, and results of the work are available in literature. While these

projects are not railway track structures, nevertheless the material is relevant because it

provides insight concerning the basic mechanisms by which fabric performs separation, con-

finement, and/or reinforcement, and this knowledge can be interpreted in light of its potential

applicability to railway track structure construction and maintenance, as will be done in the

following chapter.

CONCEPTS OF ROAD CONSTRUCTION ON SOFT FOUNDATION OR SUBGRADE

In recent years, geotechnical fabrics have enjoyed wide usage in construction of roadways,

usually expedient haul/access roads, across relatively soft foundation soils (subgrades). Sub-

grade conditions often consist of relatively soft and wet cohesive soils, with water tables very

near or at the ground surface. Geotechnical fabric has been used as an alternative to the

corduroy/plank or willow mat support concept, and is placed directly on the soft subgrade,

over any grass/weeds present. Large depressions are filled prior to fabric placement and tree

stumps, logs, and other materials which would interfere with fairly level fabric placement may
be either removed or covered by a working table. The fabric is then covered with a locally

available material having a better traffic support capability than the existing subgrade.

Various types of cover (base) material have been used, including crushed stone, sand,

shell, clay-gravel, and other materials of a basically cohesionless nature. In some instances,

multi-layer cover might be used to provide increased trafficability; for example: crushed shell

over sand over fabric. In most situations only a single type of cover material is used. In a few

instances an asphaltic concrete wearing surface has been applied to the cover material.

Geotechnical Fabric Separation of Subgrade and Cover Material

One advantage claimed for geotechnical fabric use is to provide physical separation of a

soft cohesive subgrade, usually at or above its plastic limit, and essentially cohesionless cover

material. The fabric may prevent intrusion of fines into the cohesionless material, which would

markedly reduce its frictional strength, or may prevent penetration of the granular cover

material into the plastic subgrade, as shown in Figure 2.1. a. Whichever phenomenon occurs,

intrusion of the subgrade into the cover material or intrusion of the cover material into the

subgrade, the net result is the same, i.e., reduction of effective cover material thickness and

thus overstress of the lower portion of the roadway by wheel loadings. Conventional design

criteria for roads on soft subgrade will predict the total thickness of cover necessary between

the wheel load and the subgrade. However, such criteria do not directly consider the effect of

subgrade intrusion into cover material or vice versa. Thus, when road failure occurs, the cause

may not have been an incorrect design, but that the original design was not maintained under

traffic action.

Accepting this viewpoint, the primary function of geotechnical fabric in a separation

mode is to insure that the roadway remains as originally designed during its service life, with

the proper thickness of uncontaminatcd cohesionless cover material between the subgrade and

the wheel load. Porous fabrics appear preferable to impermeable membranes for use in

separation, as fabric porosity allows dissipation of excess pore pressures created in soft

cohesive subgrades by wheel loadings. An appropriate fabric porosity or permeability is one

which would allow outflow of excess pore pressure while retaining fine soil particles. Also, the

fabric must allow continued drainage during its service life and not become clogged by subrade
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fines, else undesirable excess pore pressures may be created and cause a general loss of

subgrade support strength. The ability of the fabric to perform adequately in a separation

mode will thus depend upon its ability to allow dissipation of subgrade excess pore pressures

while retaining subgrade fines, without clogging.

Geotechnical Fabric Restraint of Cohesioniess Cover Material

It also has been claimed that placement of geotechnical fabric between a soft, plastic

subgrade and cohesioniess cover material will increase the total support capacity of the entire

soil-fabric-subgrade system. Cohesioniess cover materials derive their strength from frictional

resistance and are confined under relatively low normal pressures in road situations. Wheel

loads applied to the top of the cover material tend to cause tensile strains at the base of the

cover layer. As cohesioniess materials have essentially zero tensile strength, such strains tend

to cause lateral spreading of the cover material. Presence of a geotechnical fabric layer, with

tensile strength, at the base of the cover layer where tensile strains would be maximized,

provides tensile stress-carrying ability not present in the cover material. Only a small amount

of tensile force need be developed in the fabric to markedly reduce the tendency for lateral

spreading of the cohesioniess cover. Stress development may be similar to that shown in Figure

2.1.b.

The net result of lateral confinement at the base of the cover layer is to increase the

deformation modulus of the cover material above the value expected without fabric. In-

creasing the deformation modulus of the cover material provides a twofold benefit to the

system, by:

a. Reducing cover material deformation under vehicle loading, thus inhibiting rut devel-

opment, and

b. Increasing the difference between the modulus of the cover material and the modulus

of the soft subgrade (greater modular ratio), which reduces the magnitude of wheel load

stresses transmitted to the softer and lower modulus subgrade (Ref 7).

Use of geotechnical fabric to provide confinement and inhibit lateral spreading of cover

material would thus result in a design which was somewhat stronger than the same design

without fabric, assuming that, without fabric, the design would not be affected by subgrade

intrusion. The inherent assumption in obtaining cover material lateral restraint is that tensile

strains generated in the cover material by wheel loads will be transmitted to the underlying

fabric. As no physical bonding exists between cover and fabric, the fabric can develop tensile

stresses only from soil-fabric friction, obtained when the cover material attempts to strain

laterally. Thus, slippage between cover material and fabric should be minimized, for it would

reduce effectiveness in lateral confinement. Soil-fabric slippage should be minimized if the

grain size of the cover material is compatible with the openings or equivalent pore sizes in the

fabric, or, in the case of nonwoven fabrics, if the cover material can penetrate the fabric

structure. Under optimum conditions, desirable soil-fabric frictional resistance should equal

internal frictional resistance of the cover material. The ability of the fabric to provide satis-

factory lateral restraint will thus depend upon the effective coefficient of friction between the

cover material and the fabric.

Geotechnical Fabric Membrane-Type Support of Wheel Loadings

Another mechanism by which geotechnical fabric is claimed to improve road behavior is

through mobilization of fabric tensile strength in membrane-type action, to partially support

applied wheel loadings. In this mode, shown in Figure 2. I.e., the applied wheel load causes

localized deformation of the cover material and plastic subgrade. The fabric, being sand-
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wiched between the two, must also be deformed. If the fabric is properly anchored against

slippage around the boundary of the localized deformation zone, it must undergo tensile strain

when being deformed. The resulting tensile strain causes tensile stress to be developed in the

fabric and, as the vertical component of membrane-type stress opposes the wheel load, the

total load-carrying ability of the cover-fabric-subgrade system must be increased.

The amount of load support provided by fabric membrane-type action will depend (as-

suming that proper fabric anchorage through soil-fabric friction may be obtained around the

boundary of the localized area) upon the tensile deformation modulus of the fabric and the

amount of deformation produced by the wheel load. It is important to note, however, that this

support cannot be developed to any degree without localized relative deformation, i.e.,

wheelpath rutting. Fabric support from membrane-type action would only be mobilized if the

separation and lateral confinement mechanisms were not sufficient to prevent significant

rutting. Once rutting occurs, despite fabric separation and lateral confinement, the cover

material-fabric subgrade system has begun to fail under local overstress. Without membrane-

type fabric resistance, the failure would be progressive, as continued rutting serves to decrease

the thickness of cover material between the wheel load and the cohesive subgrade and sub-

grade deformation in response to overload stress causes remolding and strength loss.

With developed membrane-type fabric resistance, satisfactory performance may be ob-

tained, if the tensile stress developed in the fabric is sufficient to compensate for both;

a. The excessive wheel loads which caused rutting initiation, and

b. Any reduction in cover material and subgrade load capacity caused by rutting defor-

mation.

Thus, rutting would progress to a certain depth and then stabilize. The depth of stable

rutting would be related to the magnitude of applied wheel loads, cover material thickness

and strength, and subgrade strength, but, also, almost directly to fabric tensile deformation

modulus.

Summary

From a conceptual viewpoint, geotechnical fabric may be used to improve performance

of unsurfaced roadways on soft subgrade in at least three separate and distince ways:

a. By separating cohesionless cover materials from soft plastic cohesive subgrades, pre-

venting intrusion which effectively reduces the original design thickness of the cover material.

b. By providing lateral restraint, through soil-fabric friction, at the base of the cover

material and thus reducing the tendency for lateral cover material spreading. This confinement

increases the deformation modulus of the cover material and reduces the magnitude of wheel

load stresses transmitted to the underlying subgrade.

c. By carrying a portion of the applied wheel load in membrane-type action, as a result

of localized tensile strain induced in the fabric by cover material and subgrade deforma-

tion (rutting). The ability of fabric to provide adequate support, i.e., maintain a stable rut

depth sufficient to allow traffic passage, will be directly related to fabric tensile deformation

modulus.

DESIGN CONCEPTS AND CRITERIA CURRENTLY AVAILABLE FOR
ROAD CONSTRUCTION WITH GEOTECHNICAL FABRIC

No specific track structure design procedures which consider use of geotechnical fabric

are currently available. However, numerous attempts have been made to develop design
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criteria for unsurfaced roadways on soft subgrade. considering the effect of geotechnical fabric

placed between the cover material and subgrade. Development of such criteria has been

inhibited, to some degree, by a lack of understanding concerning the functions fabric might

perform in a road system and also by the nature of current roadway design methods. As many

of the same concepts are used in both roadway and railway track structure design, the basic

road design methods and their modifications to consider fabric should be discussed.

The Calirornia Bearing Ratio (CBR) Design Method

One of the most typical and widely used methods of flexible pavement road design (the

wearing surface is assumed nonrigid and thus not to carry any appreciable portion of wheel

loads through bending) is the California Bearing Ratio (CBR) Method. The CBR test was

originally developed by the California Department of Transportation, for comparative evalu-

ation of base materials in highway construction.

A standard well-graded crushed stone base material which had given satisfactory per

formance was compacted in a 6-in.-ID mold by standard effort and was subjected to punch-

ing shear failure by a 2-in.-OD piston moving at 0.05 in./min deformation rate. The punching

shear resistance developed for the material was approximately 3(XK) lb at a deformation of 0. 10

in. This value was taken as the CBR Standard Load and assigned a CBR value of 100. Other

materials proposed for use as base material could be subjected to the same test and their

support capacity related to the "standard" base material by relating the load developed during

the CRB test to the Standard Load. Thus, a material with CBR of 80 would develop 80% of

the punching shear resistance developed by the standard base material.

Empirical correlations for different CBR values, concerning thickness of base material

needed between the wearing surface and the subbase/subgrade for different vehicular load-

ings, number of coverages, and wearing surface thicknesses were developed by the California

Department of Transportation. During World War H, the CBR Method was adopted by the

U. S. Army Corps of Engineers for use in airfield design and the testing broadened include

fine-grained cohesive subgrade soils. In-place field testing procedures for CBR determination

were also developed. The CBR Method is classified as a "semi-empirical" or empirical plus

a strength test method of pavement design, in that the CBR value is a relative number and field

correlations rather than soil stress-strain theory are used to determine design requirements.

The method thus suffers from having no theoretical basis, but benefits by the availability of

a extremely large number of empirical correlations developed over the years. Further, pave-

ment design by the CBR Method is fairly simple once empirical charts have been developed

(Ref 8, 9).

Modirication of the CBR Method to Consider Geotechnical Fabric Behavior

Any attempts to incorporate effects of fabric behavior into a semi-empirical design

method must, of themselves, be of an equally empirical nature. Also, the design method

modifications must consider expected fabric performance. If the primary function of the fabric

is to provide separation, then design by standard CBR methods should be conducted. Ihe

fabric would make no contribution to the overall system except to insure that original design

assumptions were achieved under field conditions. Alternatively, if standard design practice

by given agencies in construction of roads on soft subgrade required an additii)nal thickness

of cover material to compensate for expected subgrade intrusion, then placement of fabric for

separation purposes would eliminate any need for the extra thickness, resulting in a net cost

savings. However, such allowances for subgrade intrusion are related to local experience and

thus any generalizations, other than on a local/regional basis, cannot be made.
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Development of a general thickness road design criteria using the CBR or other semi-

empirical method, and considering the improvement in road support capacity gained from

either fabric cover material lateral restraint or membrane-type action, is possible if an

"equivalency ratio" can be assigned to the fabric. In such instance it is important that a proper

value be assigned and the conditions of testing used to establish any equivalency be consistent

with behavior expected under field conditions. Similar problems will occur when attempting

to modify existing railway track structure thickness design methods to consider the effect of

fabric inclusion on design thickness.

Road Design Criteria Considering Geotechnical Fabric Effects, Based on

Subgrade Shear Strength

Berenberg et al. (Ref 10) developed road design criteria based on laboratory model

studies using aggregate and fabric, for soft subgrades. They postulated that the allowable stress

to which subgrade could be subjected without deep (2 in.) rutting was related to its ultimate

bearing capacity, using the general Terzaghi relationship for saturated clay soils (<{) = deg):

q = cN, (2.2)

where

q = Contact pressure on the subgrade surface,

c = Undrained shear strength (cohesion) of the subgrade,

and

Nc = Terzaghi bearing capacity factor.

The values proposed by Terzaghi for bearing capacity factors are Nc = 5.7 for general

shear failure (relative small soil deformations prior to shear failure) and N^ = 3.8 for local

shear failure (relatively large soil deformations prior to shear failure). In engineering practice,

the value of Nc = 5.7 is used for medium to very stiff cohesive soils and the value of N^ = 3.8

used for softer cohesive soils.

Barenberg et al. found that Nc values of 3.3 and 6.0 were the subgrade stress levels at

which deep (greater than 2 in.) rutting would occur with only a small number of load applica-

tions when no fabric and fabric, respectively, were used. Thus, for a given subgrade cohesion

c, the subgrade can be stressed, with fabric present, to a value of approximately 6c without

deep rutting but only to 3.3c without fabric. The marked similarity between the data developed

by Barenberg et al. and the classic Terzaghi bearing capacity factors suggests that the fabric

inhibits subgrade deformation, so that general shear failure rather than local shear failure is

achieved in soft subgrades. Barenberg et al. conducted their tests with Mirafi 140 fabric, which

when tested by the author (Ref 11). was found to have a relatively low ultimate tensile strength

and stress-strain modulus. It is thus probable that the fabric provided enough aggregate lateral

restraint to minimize system deformation, and thus produce general rather than local shear

failure. It is doubtful that the fabric was stressed significantly by the strains required to

produce limiting 2-in.-deep ruts and thus, only a minimal contribution to load support capacity

may have occurred from "membrane-type" action.

Design curves developed by Barenberg et al. are available (Ref 10) which have the same

format as the CBR design curves of Reference 8.

Steward et al. (Ref 3) used the word of Barenberg et al. as the basis for development of

U. S. Forest Service unsurfaced roadway on soft subgrade design criteria, modifying the

recommendations slightly in the light of field experiments. In addition to the stress levels of
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3.3c without fabric and 6.()c with fabric which Barenberg et al. postulated would cause

considerable rutting under a small number of load applications. Steward et al. determined,

based on their own experimental work, that very little (less than 2 in.) rutting would occur

under a large number of load applications if stress levels in subgrade did not exceed 2.8c

without fabric and 5.0c with fabric. They also postulated that surface roadway depressions at

stress levels of 3.3c without fabric and 6.0c with fabric would be equal and that, if relatively

poor quality (low CBR) cover material was used, it might be necessary to provide a higher

quality surface course to prevent rutting of the poor cover material. Finally, Steward et al.

indicated that fabric should not be used for "subgrade restraint" when the soil CBR was equal

to or greater than 3. They defined subgrade restraint as ".
. . the process or concent of

preventing or reducing soil movement and soil strain by use of fabrics for confinement ..." For

soils with a CBR equal to or greater than 3, they postulated that the primary function of the

fabric would be to act as a separation medium.

Analysis of the Steward et al. design criteria and field experiments indicates that they

wished to develop a procedure for building roads where deep (greater than 2 in. ) rutting could

be avoided. Further, their experiments were carried out with a variety of nonwoven fabrics,

none of which had appreciable tensile deformation modulus and/or ultimate tensile strength

when compared to other commercially available fabrics (Ref 11). Thus, it is unlikely that

significant "membrane-type" stresses would have been mobilized in any fabric evaluated by

Steward et al. prior to achieving a 2-in. rut depth "failure." Conversely, it is highly probably

that all fabrics evaluated by Steward et al. were strong enough to provide cover material lateral

restraint. These assumptions are confirmed, in some measure, by the fact that their U. S.

Forest Service design criteria does not directly incorporate fabric strength and/or deformation

modulus.

Theoretical Analyses of Cover-Fabrlc-Subgrade Systems

As an alternative to the development of semi-empirical fabric behavior relationships by

laboratory and/or field testing, mathematical analyses using multi-layer elastic system and

finite-element modelling have been done, on a relatively limited basis. Limiting assumptions

inherent in mathematical modeling of fabric include the necessity for assigning a deformation

modulus, shear modulus, and Poisson's ratio to the material. Sissons (Ref 12) attempted to

analyze the effect of fabric inclusion in a soil-pavement system, and concluded that the fabric

layer made no significant change in the calculated pavement structure stresses or strains.

However, he modelled the fabric as direct tensile reinforcement in a system for which minimal

rutting would occur under design wheel loads, and did not consider the effect of cover material

restraint. Thompson (Ref 13) used the finite-element technique to theoretically examine the

effect a fabric might have to reduce strains in base layers. Thompson assumed that the fabric

would act as reinforcement to prevent tensile stress from developing at the bottom of a

granular base layer, and he compared results based on this assumption with those involving

a sharp local reduction in base layer deformation modulus. Results of his analysis showed a

reduction in strain at the top of the subgrade (below the fabric) of between 24% and 34%,

depending upon subgrade strength and thickness assumed for cohesionless cover material.

Such a reduction in strain would correspond to an approximate threefoeld increase in defor-

mation modulus ratio between the cover material and the subgrade.

While these analyses have been of a rather preliminary and hypothetical nature, never-

theless they indicate that modelling the fabric as direct reinforcement, in a manner similar to

that used for tension steel in reinforced concrete beams, is not desirable. The computations

indicate that, without rutting, the fabric undergoes, on an average basis, only a relatively small

amount of strain and thus does not develop large tensile stresses. However, the work of

Thompson is promising in that it could lead to a method of analytically predicting the effective
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increase in cover material modulus resulting from fabric lateral restraint, and thus allow use

of multi-layer elastic theory or finite-element methods for predicting wheel load stress distri-

bution with depth.

FABRIC-REINFORCED RETAINING WALLS

Geotechnical fabrics have been used in several instances to construct model, test, and

prototype vertical retaining walls. The fabric is used to carry internal soil tension and prevent

material spreading, performing the same function as steel tensile reinforcement in con-

ventional reinforced earth construction. Design and analysis procedures are essentially the

same as those used in reinforced earth construction, which were summarized by Lee et al. (Ref

14). Modifications necessary to conventional reinforced earth design procedures were devel-

oped by Bell et al. (Refs 15, 16) and a well-documented design and construction case history

is presented by Bell and Steward (Ref 17) for a project constructed by the U. S. Forest Service

in the Olympic National Forest.

In general, fabric-reinforced retaining walls share the advantage of their steel-reinforced

counterparts, namely the ability to be constructed on extremely soft foundation and undergo

relatively large deformations from foundation settlement without failures. Also, such walls

have the ability to support extremely high transient live loads without bearing failure and/or

rutting, as the multi-failure fabric reinforcement markedly increases the deformation modulus

of retained materials. A typical sketch of a fabric-reinforced retaining wall is shown in Figure

2.2.1. Use of fabric reinforcement to carry internal soil tension and prevent lateral spreading

also allows constructing a soil mass to considerable height with essentially vertical sides.

Disadvantages of fabric-reinforced construction include necessity for protecting exposed

fabric (on the sides of the wall) from exposure to ultraviolet radiation (sunlight) and the

relatively large amount of hand-labor-intensive effort necessary for fabric placement, lapping,

covering, etc. , as compared to conventional reinforced earth construction where prefabricated

strips and end pieces are available.

Whether or not use of fabric reinforcement, as compared to conventional steel reinforce-

ment, is cost-effective, may well depend on the size of the project, whether the structure is to

be built with in-house personnel or by outside contract, and the type and cost of fabric

available. The most important function of fabric in the wall appears to be that of carrying

lateral earth pressure. Tensile stress is transmitted to the fabric by friction at the soil-fabric

interface. If relatively thin lifts of cohesionless fill material are placed, the total tension each

strip must carry will be relatively low. For a granular material placed at high relative density,

only small soil strains and thus embankment lateral deformations are necessary to develop

lateral active earth pressure and full frictional resistance between soil and fabric. Thus, large

fabric deformations are not required and fabric modulus is probably less important than

soil-fabric frictional characteristics.

Both successful test and prototype sections have been constructed using nonwoven fab-

rics, which have performed satisfactorily despite the relatively low ultimate tensile strength

and tensile deformation modulus such materials possess, compared to other available fabrics

(Ref 11).

In summary, it may be concluded that the current state-of-the-art in fabric-reinforced

retaining wall design and construction is such that rational analysis, design, fabric selection,

and construction criteria exist and have been verified under field conditions. Proper construc-

tion procedure appears extremely important, as for conventional reinforced earth con-

struction, to obtain desired tensile stress in the fabric.
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FABRIC-REINFORCED EMBANKMENTS ON SOFT FOUNDATION

Geotechnical fabrics have also been used to allow construction of embankments on

extremely soft foundation soils. Conditions in which fabric-reinforced embankment construc-

tion is a cost-effective alternative to displacement construction and/or long-term stage con-

struction are those in which an embankment constructed by normal procedures (without

fabric) would fail from horizontal splitting or rotational foundation bearing failure.

The geotechnical fabric is laid in strips transverse to the embankment alignment, directly

on the foundation or on a working table if irregular foundation topography exists. Embank-

ment fill is placed along the outer edges of the fabric, parallel with the alignment, to provide

edge anchorage and then the center portion of the embankment is placed to grade (see Figure

2.2.b). The fabric holds the embankment together during and immediately after construction,

when foundation strength is at a minimum, until foundation consolidation sufficient to carry

embankment weight without fabric support is achieved. Thus, the fabric temporarily carries

the difference between embankment bearing pressure and initial foundation bearing capacity.

Several analytical and model, test section, and prototype section construction projects

have been carried out, in Europe and the United States (Refs 18, 19, 10, 21). Design consid-

erations include selection of a fabric with sufficient ultimate strength to prevent rotational

slope failure of the embankment, sufficient ultimate strength to prevent tension failure of the

fabric under lateral earth pressure of the embankment, and sufficient deformation modulus

to minimize lateral spreading. Sufficient fabric moculus to prevent excessive bearing displace-

ment of the fabric during placement of embankment fill is also necessary, as are good soil-

fabric frictional properties, to provide lateral embankment restraints. Cohesionless materials

are preferred for embankment fill as they have better soil-fabric frictional properties and lower

lateral active earth pressures than cohesive materials. Also, for embankments of appreciable

height (5 ft of more) fabrics with relatively high tensile strength and relatively high tensile

deformation modulus are necessary. As a result, most successful test sections and prototype

embankments have been constructed with woven fabrics.

As with fabric-reinforced roads and retaining walls on soft foundation, proper construc-

tion technique is extremely important, to ensure that fabric strength is mobilized. Analysis

procedures, design criteria, and suggested construction procedures, including methods for

fabric testing and selection, have been developed by Fowler et al. (Ref 20) and verified by field

construction. The critical design parameter appears to be fabric tensile deformation modulus.

If the modulus is too low, the fabric will stretch excessively when attempting to carry the

difference between embankment bearing pressure and foundation bearing capacity and the

embankment will undergo excessive bearing displacement, producing a displacement section

rather than a section "floating" on the soft foundation.

CHAPTER 3. APPLICABILITY OF EXISTING INFORMATION TO
RAILWAY TRACK STRUCTURES

ROAD DESIGN AND CONSTRUCTION CONCEPTS

In Chapter 2, fabric behavior in road construction was subdivided into separation, cover

material restraint, and membrane-type support. A railway track structure composed of ballast

and, often, subballast over soft cohesive subgrade is somewhat analogous to an unsurfaced

roadway with one and sometimes two layers of cohesionless cover material over a soft cohesive

subgrade. Thus, apparent benefits from use of fabric between soft subgrade and road structure

may be scrutinized for potential applicability in railway track structures.
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a. Most geotechnical fabric-reinforced roads are constructed on very soft, wet cohe-

sive subgrade. In many instances, the railway alignment subgrade will be, at least initially,

stronger, even though still cohesive.

b. As opposed to new road construction to reach a difficult location, economical mainte-

nance of existing trackage is the primary railroad operational problem.

c. Railway loadings are of higher magnitude, and repeated dynamic loadings of longer

duration, than encountered in expedient haul/access roads.

d. Ballast aggregate is usually larger, more angular, and of higher toughness than road-

way base/cover material.

e. The railway practice of not compacting ballast under the center of track tends to allow

more lateral ballast movement under load than occurs for full-width compacted base in

fabric-reinforced road construction.

Any potential applicability of roadway concepts to railway operations must consider these

differences.

Material Separation to Stop Subgrade Intrusion

As mentioned in Chapter 1, one problem associated with construction of an open-graded

railway ballast track structure of soft cohesive subgrade is that vertical subgrade intrusion into

the ballast, and vice versa, reduces the effective distance between crossties and subgrade.

Once subgrade instrusion is initiated, a progressive failure may result from subgrade (and

contaminated ballast) overstress. The problem becomes evident when the track loses profile

and cross-level and/or the cohesive subgrade is extruded through the ballast to the surface.

The conventional solution to such problems has, historically, been placement of a finer,

but still cohesionless, subballast between ballast and soft subgrade. While satisfactory in many

instances, in others the subballast served only to retard the rate of subgrade intrusion. More

recently, lime modification of the upper 6 in. -12 in. of subgrade has been used prior to new

construction and lime injection through existing track structures into underlying subgrade

used to reduce subgrade plasticity and thus intrusion tendency. However, not all soft cohesive

subgrades, particularly those containing kaolinitic clays, respond satisfactorily to lime treat-

ment.

Placement of geotechnical fabric between ballast and soft subgrade to provide long-term

material separation could well be a viable alternative to use of a subballast or upper subgrade

lime modification in new construction, and could be an alternative to periodic reballasting

and/or lime injection on existing tracks, if contaminated ballast was removed at the time of

fabric placement. The fabric should function as a material separator in almost the same

manner noted in road construction. A proper fabric would possess the long-term ability to

separate ballast from soft subgrade materials, while allowing unhindered water flow from the

subgrade (and thus allow dissipation of excess subgrade pore pressures) into the open-graded

ballast, from which it may drain into ditches on either side of the track alignment. The

behavior is shown conceptually in Figure 3. 1. a.

The fabric must not clog while performing its separation function, because excess pore

pressure generated in the subgrade could not be quickly dissipated by upward flow through

the fabric and might cause a severe reduction in subgrade strength. Further, loadings produced

by train operation may force soil against and/or into the fabric, accelerating potential clogging

behavior. Thus, should the fabric clog in service, the resulting track structure performance

would be worse than expected for no fabric. For this reason, clogging resistance becomes a
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very important fabric property, and subgrade retention is less important than clogging re-

sistance, given a choice between the two. However, plastic subgrade is very unlikely to be

extruded, in appreciable quantities, through a properly sized fabric.

Finally, the relatively large aggregate size and angular aggregate shape desirable for

open-graded railway ballast will produce higher contact stresses between aggregate and fabric

than those encountered in road construction, where smaller aggregate and/or dense-graded

material is desirable. Thus, the fabric must have sufficient strength and/or penetration re-

sistance to avoid localized rupture by sharp aggregate faces, when ballast is initially placed and

tamped, later, under train loadings, or still later, when maintenance tamping and reballasting

is conducted to restore surface.

Material Separation to Stop Subballast Pumping

In addition to subgrade intrusion, problems also can arise with pumping of low plasticity

or nonplastic fines into ballast, particularly in track sections which have been in service for

extended periods. At locations:

a. where a satisfactory subgrade exists or a fine sand or dense-graded limestone sub-

ballast has been placed between a cohesive subgrade and ballast or,

b. which, over the years, have been reballasted sufficiently to provide adequate sepa-

ration between intruded subgrade and track,

local (and sometimes general) pumping of cohesionless or low cohesion fines may occur. In

the previously described situations, fine particles may accumulate with passage of time in the

lower portion of the ballast. As opposed to plastic fines from subgrade intrusion, these fines

are of low plasticity or non-plastic, and may be created by

a. degradation of subballast,

b. abrasion of open-graded ballast, even relatively hard granitic and basaltic aggregate,

and

c. downward intrusion into the ballast of othe fine soil, from rail sanding, wind deposition

of dust particles, and mud tracked by vehicles at crossings.

These fines may be joined by other fine fragments abraded from crossties and spillage from

various types of hauled materials. Precipitation into the open-graded ballast tends to carry

these fines to the lower portion of the ballast layer, where further migration is inhibited by the

subballast, especially in conjunction with subballast containing a high percentage of fines, may

radically reduce lateral drainage capacity of the ballast. Thus, precipitation may become

trapped in the lower portion of the ballast and completely saturated the fines.

Under dynamic live loading conditions, particularly those associated with long unit trains,

high excess pore pressures are generated in the fine-clogged lower ballast structure. As, in this

instance, the fine material in which the pore pressures are generated has low or minimal

cohesion, excess pore pressure is dissipated by pumping the fines upward in the ballast, coating

ballast aggregate and thus reducing its frictional strength. If the fines are appreciable cohesion,

they would be subject to extrusion as a plastic solid up through the ballast, rather than being

pumped upward as a soil-water slurry.

When a subballast containing considerable fine low plasticity or nonplastic material

exists, portions of the fine fraction also may be pumped upwards into the ballast, creating voids

which are filled by settlement of overlying ballast. As pumping and subballast migration occur

under the rails, but not at the center or outer edges of the subballast, depressions may be
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formed in the subballast, causing loss of track line and cross-level, and which may collect

additional precipitation. This water causes additional pumping, increasing the amount of

material brought to the surface and further reducing ballast frictional properties. Thus a

progressive-type failure mechanism would exist and, once localized pumping of nonplastic or

low plasticity fines to the surface of the ballast occurs, the phenomenon will likely propagate

from the initial pumping point in either or both directions along the track alignment. Pumping

is quite often noticed first at locations where a change in effective track stiffness occurs, and/or

appurtances associated with the track system inhibit drainage, reduce evaporation, or inhibit

proper ballast compaction. These anomalies exist most often at switch locations and roadway

grade crossings. Such behavior can also occur when the rail surface is deteriorated by wheel-

burned rail, defective head configuration, and/or excessive corrugation.

Placement of geotechnical fabric in existing track structures as a separation medium,

between the fine-contaminated lower ballast and the uncontaminated upper ballast, should

prevent pumping of nonplastic fines to the surface, thus stopping progressive failure. The

fabric should pass water and thus allow dissipation of excess pore pressures generated in the

lower portion of the ballast and/or subballast while retaining the essentially nonplastic fines.

The ability of a fabric to resist clogging in this application is of critical importance. When
excess pore pressures are created in nonplastic or low plasticity fines, dissipation of pore

pressure by pumping is, essentially, nature's safety valve. If pore pressures cannot be dissi-

pated and reach levels equivalent to existing soil effective pressure, a liquefaction-type failure,

with abrupt immediate loss of soil strength, could occur. In this instance, placement of fabric

which clogged would create worse conditions than it was intended to cure, making the prop-

erty of critical importance. Retentionof fines is of secondary importance, as the few nonplastic

fines passing a properly sized fabric, necessary to allow formation of a "filter cake" beneath

the fabric, should not be in pumpable quantity.

As the fines being pumped are essentially nonplastic, pore pressure gradients would push

the fine particles against, and perhaps into, any fabric used as a separation layer. Such

behavior could place a greater stress on the fabric, in terms of potential clogging behavior,

than expected for plastic subgrade intrusion-type behavior. Further, the type of loading

developed by train passage, particularly long and heavy unit trains, is conducive to rapid

build-up of high internal pore pressures in saturated subballast and lower ballast, as evidence

by the ability of such pore pressures to push fine material upward one, two, or even three feet

to the surface of the track structure.

Once fabric has been placed, nonplastic fines below the fabric should be protected from

vertical pumping, though lateral pumping beneath the fabric might be possible. Fines will

continue to be generated in and above the ballast, by mechanisms described previously, and

will be deposited on the top of the fabric. However, in many instances, fines accumulation will

occur at a fairly slow rate. If nonplastic or of low plasticity, such fines may be washed laterally

out of the track structure by precipitation from above and water pumped through the fabric

from below. If of moderate to high plasticity, they will not be susceptible to pumping and a

considerable quantity of material must accumulate before any can be extruded to the upper

ballast. Thus, the rate of ballast fouling should be markedly reduced by fabric placement.

In addition to separation ability and clogging resistance, the fabric should have ability to

resist local punctures from sharp-edged ballast aggregate and abrasion from lateral ballast

movement, as discussed previously. Puncture and abrasion forces may be higher in this

application than for use in preventing subgrade intrusion, as the fabric may be sandwiched

between upper and lower ballast or ballast and subballast aggregate, rather than being placed

on a cohesive subgrade.
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Summary of Material Separation Potential

In summary, goetechnica! fabric has potential for use in railway track structures as a

separation medium. The most important parameter in fabric selection is the ability of the

fabric to retain fine particles and allow passage of water without clogging, for extended

periods. The clogging parameter is important because fabric clogging is the only behavior that

could create a worse condition in the track structure than would exist without fabric.

Tendencies for fabric to clog in service will be considerably greater than for similar fabrics

used in roadway or erosion control applications and the m.ost critical case, from a probable

clogging viewpoint, may be when fabric is used to prevent pumping of essentially nonplastic

fines into upper portions of the ballast. A secondary, but also important, fabric selection

parameter should be its resistance to localized tearing, penetration, and abrasion by angular

aggregate particles, when initially compacted, under train loadings, or when the track is

reballasted and retamped.

The optimum location for fabric placement in a separation mode would be between the

subballast and cohesive subgrade, for new construction. However, if thesubballast used in new
construction has considerable fines or is subject to degradation, fabric placement between

subballast and ballast may be desirable. For existing construction, fabric should be placed

between the fine-contaminated portion of the ballast and/or subballast and the portion of the

ballast not yet contaminated. If complete ballast contamination has occurred and ballast

renovation is anticipated, the ballast renovation should be carried out to the maximum depth

practical for the renovation method used and the fabric placed at the base of the renovated

and/or cleaned ballast layer. However, fabric puncture may occur if enough ballast cover is not

provided.

Ballast Restraint

As discussed in Chapter 2, placement of geotechnical fabric beneath cohesionless base

(cover) material in road construction provides lateral displacement restraint (through soil-

fabric friction) of the base material under wheel loading. A direct analogy appears to exist

between the cohesionless base material of unsurfaced roadways and the cohesionless ballast

used in railway track structures. Differences appeared to be caused by the larger particle size

and relatively open-graded nature of ballast, as opposed to the smaller diameter and more

densely graded material used in road construction, the greater severity of transient live

loadings imposed by train passage, particularly long, heavy unit trains, and the railway practice

of not tamping the center of ballast, allowing lateral ballast movement under train loads.

If the ballast is well-tamped, a relatively small amount of lateral strain should be sufficient

to develop full friction at the soil-fabric interface, for soils that have a grain size approximating

the pore size of the fabric. Laboratory test data (Ref II) have shown that soil-fabric friction

for cohesionless soils equals or exceeds the soil-soil friction angle for loose relative density

conditions, and is somewhat less than the soil-soil friction angle for dense relative density

conditions. Some nonwoven fabrics do not have definable pore openings but may allow

cohesionless soil particles to imbed themselves and thus provide good frictional resistance.

However, the relatively large aggregate size and open gradation desirable for railway

ballast may result in aggregate-fabric contact at a large number of discrete points, rather than

the more uniform contact expected from a finger-grained and/or more densely graded road

base. In such instance, lateral stress transferred to the fabric will be on a more macroscopic

basis, with relatively high fabric stresses at aggregate contact points, surrounded by relatively

unstressed fabric. Undesirable effects that might occur in this situation could include aggre-

gate slippage over the fabric, if the fabric was particularly hard and tough or, if the fabric was
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fairly soft, puncture by the large, angular ballast aggregate. Accumulation of fines on top of

the fabric might also affect ballast-fabric friction. Some localized membrane-type support

might be generated at the contact points, if the fabric had a high tensile modulus and was not

punctured. Such support is discussed subsequently.

While the concept of ballast lateral restraint from frictional forces developed at the

ballast-fabric interface, as shown conceptually in Figure 3.l.b, remains valid, the exact

aggregate-fabric behavior during friction stress transferrence may be different from roadway

behavior, and a design coefficient of friction between large aggregate and fabric will be

difficult to predict without actual testing. The optimal fabric for use in such situations should

have enough strength, durability, puncture, and abrasion resistance so that it will not be torn

or worn by ballast aggregate particles, yet should not be so hard and/or stiff that appreciable

ballast slippage would occur at the soil-fabric interface, during train loading.

If good frictional resistance can be developed at the ballast-fabric interface, the net effect

of such restraint should be to increase the effective deformation modulus of the ballast,

resulting in less track deformation under transient loading, and to reduce the magnitude of

stresses transmitted to the subballast and subgrade. In this latter instance, stress reduction

should reduce the chances of subballast and subgrade failure from overstress and reduce

pumping tendencies in saturated materials. With simplifying assumptions, the problem may be

analyzed theoretically by the finite-element technique and preliminary analyses (Ref 13) have

indicated that an increase in deformation modulus ratio between the ballast and subgrade on

the order of three or more is possible.

Thus, in summary, use of geotechnical fabric to provide lateral ballast restraint could have

several beneficial effects on railway track system performance, including reduction of ballast

deformation under train loading and reduction of stresses carried by the subballast and/or

subgrade. Primary unknowns include the exact fabric characteristics necessary to obtain good

ballast-fabric friction without slippage, abrasion, puncture, and/or tearing, and the exact

degree of ballast modulus improvement resulting from fabric inclusion. Puncture and abrasion

forces generated by ballast tamping and train passage will be much higher than those gener-

ated in roadway use, and some fabrics which provide adequate lateral restraint for roadways

may be less satisfactory in railroad applications.

To obtain optimum behavior it appears rational to place the fabric at the base of the

ballast layer in new construction or, when maintenance activities are undertaken, to place the

fabric at the lowest point in the track structure obtainable by the maintenance procedures

being used, if enough cover can be provided to protect the fabric from puncture when ballast

tamping is conducted.

Membrane-Type Fabric Support

In Chapter 2, it was concluded that development of membrane-type support character-

istics by geotechnical fabric in unsurfaced road construction on soft subgrade occurs only after

wheel path rutting is initiated by heavy traffic. Also, while not specifically verified, results of

several investigations referenced in Chapter 2 indicate that rutting to at least 2-in.-3 in. depth

is necessary before any appreciable localized strains (and thus tensile stresses) are developed

in fabric beneath road wheel paths. Once such deep rutting occurs, the rate of rut depth

growth and thus the total number of coverages possible before roadway failure appear almost

directly related to the tensile deformation modulus and also ultimate strength of the fabric.

Evaluations by Kenney and Barenberg (Ref 4) indicated that once a "critical rut depth" was

reached, a strong woven fabric with high tensile deformation modulus reduced the rate of

further rut deepening but a relatively low strength, low deformation modulus, nonwoven

fabric had very little effect on rate of rut depth development.
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The rail, crosstie, and fastener configuration of railway track structures tends to prevent

development of localized ballast deformations similar to those caused by wheel path rutting,

but other types of localized deformation occur in railway track structures. Dynamic train loads

tend to produce deformation in ballast under ties, at right angles to the alignment, and also

under the rails and rail seats, parallel to the alignment. Also, the practice of periodic re-

ballasting and tamping to restore line and cross-level may produce "ballast pockets" or

subballast/subgrade depressions filled with ballast under the rails. Other "small area" local-

ized track structure deformations may occur as a result of macroscopic stress transfer from

discrete ballast aggregate particles to underlying fabric and subballast or subgrade. All these

localized deformations could theoretically and probably do produce some membrane-type

support. The magnitude of such support, and also the relative contribution of such support to

total track structure support requirements are unknown at this time.

Conversely, it appears likely that a fabric placed in the ballast a short vertical distance

under ties and rail seats would be torn or punctured by sharp ballast aggregate, rather than

stretched, if it managed to survive initial ballast tamping, which is unlikely. If placed deep

enough to resist tamping forces, it may be located too low in the ballast to be stretched by

upper ballast deformations. Also, assuming fabric is placed either on the subgrade or between

the subballast and ballast, improved track structure performance from separation and/or

lateral restraint may delay the need for periodic retamping, thus reducing "ballast pocket"

formation and localized stretching of fabric located lower in the track structure.

Finally, on very soft, wet subgrades, a general subsidence of the track structure may
occur, in conjunction with subgrade consolidation and/or lateral displacement. Such sub-

sidence might cause a general stretching of the entire fabric width under the ballast, in a

manner similar to that suggested by Fowler et al. (Ref 18) for fabric-reinforced embankments
on soft foundation. Such general subsidence is likely to produce relatively small strains over

the entire fabric width, rather than large localized strains under the rails. The most defor-

mation may occur from both local and general track structure deformation, as shown concep-

tually in Figure 3. I.e.

However, in this instance, appreciable membrane-type support can be developed only by

fabrics possessing a relatively high deformation modulus. An appreciable increase in mem-
brane-type support might be obtainable, if a high-deformation-modulus fabric was used and

prestressed prior to placement. Preliminary investigations with fabric prestress (Ref 22, 23)

have shown that the concept has merit in providing increased deformation resistance at low

strains. As fabric is nominally available in widths suitable for one-piece track structure appli-

cations, and in lengths of several hundred feet or more on special order, construction tech-

niques for prestressing fabric in new construction should be fairly easy to develop. For

maintenance operations, particularly undercutting, plowing, and other ballast renovation

schemes in which the rails/crossties/fasteners are lifted intact, more complicated construction

procedures will be necessary. Existing procedures do not produce a large vertical clearance

between the base of crossties and the left-in-place ballast or subballast, such that relatively

long pieces of fabric (with large roll diameters) cannot be used and the presence of jacks and

other devices used to temporarily raise the track inhibits placement and prestress stretching

of fabric.

For track structure conditions where localized membrane-type support could develop

and, especially, if fabric prestressing is considered, creep resistance (resistance to continued

deformation under constant static load) of fabric may be an important property, as well as

inelastic nonrecoverable fabric deformation under dynamic load. In both instances, fabric

would lose any membrane-type support (actual or potential) with time and loading.
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In summary, several conditions exist under which membrane-type fabric support could be

developed in railway track structures. The exact amount of such support and its relationship

to the total support requirement of the track structure is currently unknown, and must be

defined by further research. Only fabrics with extremely high tensile deformation modulus will

likely provide significant membrane-type support. Use of fabric in railway track structures to

provide membrane-type action is likely to be most beneficial at locations where extremely soft

subgrades exist and/or ballast costs are high. The optimum fabric location for obtaining

maximum membrane-type action is at the location(s) where localized deformations have been

noted to occur in the particular track structure without fabric.

DRAINAGE IN THE PLANE OF THE FABRIC

Some fabrics with appreciable thickness, particularly nonwoven materials, have the abil-

ity to pass water down the plane of the fabric. In railroad track structure applications where

the fabric is placed horizontally on the subgrade and/or subballast, this property has been

called "lateral permeability" or "lateral drainage ability" by fabric manufacturers.

Advantages, observed under field conditions, for use of fabrics with lateral permeability

in railway track structure applications are primarily related to improved track structure inter-

nal drainage. While open-graded ballast was originally used with the idea of providing good

drainage to the track structure, at many locations subgrade depressions form under the rails

and retain water draining from the ballast. Some manufacturers have claimed that the capillary

rise potential of their fabrics allows these materials to "wick" water from these pockets to the

outside of the track structures, thus preventing water ponding on the subgrade and loss of

subgrade strength. Another advantage claimed for fabric with lateral permeability is the ability

of the fabric to allow dissipation of subgrade and/or subballast excess pore pressure by lateral

drainage, when the fabric has been covered by fines migrating downward from the upper track

structure. Also, ability of the thicker fabric to "hold water" while acting as a capillary barrier

to prevent excess evaporation and thus maintain more nearly constant volumetric stability in

expansive subgrade soils under seasonal climatic changes has also been observed.

However, the long-term ability of such fabric to conduct "wick dewatering" and provide

lateral drainage without becoming clogged has not been conclusively proved under a wide

range of field conditions. Further, it has been noted that placement of such fabrics at locations

where high water tables and/or insufficient drainage adjacent to the track structure exists may

allow the fabric to funnel water into the track structure, to its general detriment. Also, the

presence of a wet layer with capillary water movement potential in the track structure may

cause or aggravate problems with ice lens formation and track heaving during freeze-thaw

periods.

RETAINING WALL CONCEPTS

Analysis methods, design criteria, and construction procedures for vertically sided fabric-

reinforced retaining structures (Refs 14, 15, 16, 17, 18, 24, 25) should be directly applicable

to railroad operations, should specific circumstances dictate this choice of retaining wall as a

cost-effective alternative. Existing proved theories of reinforced earth analysis allow direct use

of fabric properties in design. The ability of fabric-reinforced retaining walls to be constructed

to appreciable height with essentially vertical sides may be advantageous in situations where

track right-of-way is limited. Further, the use of granular fill material and multiple fabric layers

in such construction should provide a fairly resilient earth structure, possessing ability to

withstand rather large transient loads. However, such advantages would also accrue for

conventional steel strip-reinforced earth construction. The sides of fabric-reinforced walls may

need more protection from tearing, etc., than would be necessary for a conventional steel-

reinforced wall.



Paper by T. Allan Haliburton 89

Both fabric-reinforced and steel-reinforced earth retaining walls can undergo relatively

large foundations displacements from consolidation and still perform their intended function,

without internal distortion oroverstress. However, large differential retaining wall settlements

along track alignments would be less desirable than for unsurfaced roads built on such walls

as, in the latter instance, releveling the road to design grade is a rather simple and inexpensive

operation.

To summarize, use of fabric-reinforced retaining walls with essentially vertical sides to

raise design grades to particular evaluations above existing ground along a railway alignment

appears technically feasible and operationally practical, according to the current state-of-

knowledge. Whether or not such construction will be cost-effective compared to other alter-

antives will depend upon the specific application and the other engineering alternatives

available.

FABRIC-REINFORCED EMBANKMENT CONCEPTS

Analytical procedures, design methods, and construction techniques for construction of

fabric-reinforced embankments on soft foundations, unable to support a conventional em-

bankment, are available (Refs 18, 19, 20, 21) and have been verified by test section and

prototype construction. Existing proved theories of earth structure analysis allow direct incor-

poration and use of fabric properties in design. These concepts should be directly applicable

to railroad operations, where a need exists for construction of an embankment to raise the

track grade above the existing terrain. Swamps, muskegs, coastal and marshy areas, tidal flats,

and other locations where soft cohesive foundation soils and high water tables are encountered

appear to be most appropriate locations for use of the concept. Granular embankment fill is

preferable, for reasons described previously. It should be possible to design a fabric-reinforced

embankment such that train loadings may be passed through the ballast and subballast and

dissipated in the embankment itself, without transferring stresses to softer/weaker foundation

materials. Foundation settlement for consolidation under embankment weight cannot be

avoided, though catastrophic embankment failure by horizontal spreading and/or foundation

bearing failure can be avoided by proper design. In general, cost-effectiveness of fabric-

reinforced embankment construction, as opposed to preloading/staged construction, use of

lightweight fill material, construction of external stabilizing berms, and/or displacement con-

struction, will increase with decreasing foundation strength. While specific circumstances will

dictate the necessary side slopes and strength requirements of transverse fabric reinforcement,

high ultimate strength, high tensile deformation modulus fabrics are most desirable for rein-

forcement use.

SUMMARY

Based on material presented in Chapter 2 and evaluated herein, it may be tentatively

concluded that geotechnical fabric has potential advantage for use in railway track structures,

to provide long-term separation of cohesive subgrades from the remainder of the track struc-

ture and to prevent pumping of cohesionless fines into the upper portion of track ballast.

Geotechnical fabric also has potential for use in lateral ballast restraint, to increase the bal-

last deformtion modulus and reduce transient live load stresses transmitted to the subballast

and subgrade. Under normal operating conditions, it is likely that some membrane-type

support could be developed in high-tcnsile-modulus fabric placed in railway track structures.

The exact potential for such support must be defined by further research. Fabric prestressing

during placement has potentially attractive technical significance in improving railway track

structure performance, but specialized construction procedures must be developed before

such a scheme becomes operationally practical.
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Lateral drainage characteristics of some nonwoven fabrics, if they do not clog, may allow

improved lateral drainage, particularly from the subgrade if the lower portion of the ballast

is fouled by fines deposited from above. Also, the thicker fabric may act to stabilize subgrade

moisture contents and reduce shrink/swell behavior of expansive soils. Conversely, such

fabrics may funnel water into the lower track structure, to its detriment, and cause ice lensing/

track heaving problems under freeze-thaw climatic conditions. Additional research and field

experience are necessary to define more precisely the exact conditions under which desirable

behavior occurs.

In general, the forces which act on geotechnical fabric placed in railway track structures

will be greater than those encountered in road construction. Forces which tend to clog,

puncture, tear, and abrade geotechnical fabric will be much more severe than encountered in

roadway applications, and some fabrics which have been used successfully in road construction

may not be acceptable in more demanding railway applications. While fabric failures from

puncture, abrasion, and inability to retain fines may return the track structure to essentially

its condition prior to fabric placement, fabric clogging may cause rapid and general loss of

subgrade or subballast strength. As this undesirable condition would be worse than the "no

fabric" case, clogging resistance is the critical fabric parameter in proper fabric use.

Use of fabric reinforcement to construct vertical-sided retaining walls and sloped embank-

ments on soft foundation is possible, if such construction is a cost-effective alternative for

raising the railroad grade above existing terain. The greatest potential use of fabric-reinforced

retaining walll construction appears to be in situations where soft foundations exist and

right-of-way along the alignment is restricted. Fabric-reinforced embankments appear most

attractive in situations where a relatively long stretch of track must be built above soft

foundation soils, with the attractiveness of this alternative becomming more apparent as

foundation strength decreases.

CHAPTER 4. RELEVANT FABRIC PROPERTIES AND TEST METHODS

In Chapter 3, potential applications of geotechnical fabric in improving railway track

structure performance were identified and discussed, and probable critical fabric properties

described for each application. These fabric properties are tabulated, in probable order of

importance for each application, in Table 4.1. While test methods have been available for

many years to measure filtration and/or drainage properties of geotechnical fabrics, applica-

tion in separation, restraint, and/or reinforcement modes is relatively recent and no general

set of widely adopted test methods for predicting fabric properties currently exists (Ref 25).

Instead, many test methods used to describe fabrics have been taken directly from the textile

industry. Other, more user-oriented, tests are in the development and/or evaluation stages or

have been proposed for tentative adoption, but not yet widely adopted and accepted. At the

time of report preparation, the geotechnical fabric test development area is in a general state

of flux, with various test methods and procedures currently under development by several

manufacturers and numerous on-going research efforts at universities and user-oriented agen-

cies, working toward development of more appropriate user-oriented tests.

The American Society for Testing Materials (ASTM) Subcommittee D-13.61 on Geo-

textiles, formed in 1977, has provided a central focus for many efforts in geotechnical fabric

test method development, and was recently combined with ASTM Subcommittee D-18.19 on

Engineering Fabric Applications to insure that user-oriented input is made in test method

development. However, no ASTM test methods have yet been approved by Subcommittees

D-13.61 or D-18.19 and railroad-oriented input to this joint Subcommittee has been minimal.

Also, essentially no test methods and/or evaluation criteria exist, on a railroad-industry-wide

basis, for testing and evaluation of geotechnical fabrics for use in separation, restraint, and/or
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reinforcement modes. Further, procedures for predicting the variation in fabric properties

expected for different rolls of the same fabric are not well-developed, at least to the degree

currently available for steel, concrete, and other produced or manufactured engineering

materials.

TABLE 4.1 GEOTECHNICAL FABRIC PROPERTIES IMPORTANT FOR RAILROAD
APPLICATIONS

Fabric Application

Prevent Subgrade Intrusion

Prevent Pumping of Fines

Provide Lateral Ballast Restraint

Provide Membrane-Type Support

Fabric-Reinforced Retaining Wall

To Carry Track Structure

Fabric-Reinforced Embankment to

Carry Track Structure

Track Structure Lateral Drainage

Important Fabric Properties'

Clogging Resistance

Soil Retention Ability

Puncture Resistance

Abrasion Resistance

Clogging Resistance

Soil Retention Ability

Puncture Resistance

Abrasion Resistance

Ballast-Fabric Friction

Puncture Resistance

Abrasion Resistance

Tensile Deformation Modulus

Ultimate Tensile Strength

Tensile Deformation Modulus

Ultimate Tensile Strength

Creep Resistance

Soil-Fabric Friction

Puncture Resistance

Abrasion Resistance

Soil-Fabric Friction

Ultimate Tensile Strength

Creep Resistance

Ultraviolet Radiation Resistance

Tensile Deformation Modulus

Ultimate Tensile Strength

Creep Resistance

Soil-Fabric Friction

Field Workability

Clogging Resistance

Capillary Rise Potential

Puncture Resistance

Abrasion Resistance

AVAILABLE GEOTECHNICAL FABRIC TEST METHODS AND THEIR POTENTIAL
FOR USE

In attempting to define the adequacy of existing test methods and the potential need for

railway-oriented test development, it is appropriate to discuss each gcotcchnical fabric prop-

erty identified in Table 4.1, in the light of available test methods for property prediction and

their applicability to railroad track structure use. It should be noted that one parameter most

'Listed in probable order of imporlancc.
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often identified with geotechnical fabrics, that of Darcy premeabihty or some equivalent

method of expressing the rate of water flow through the fabric, was omitted from Table 4.1.

All geotechnical fabrics currently commercially available (except those advertised as imper-

meable membranes) have a Darcy permeability or water passage ability at least equal to that

of a fine sand, and most fabrics have much greater permeability. Thus, for the amount of water

which might be expected to move through fabrics in a separation mode, resulting primarily

from dissipation of excess pore pressures, adequate initial permeability should be available

with almost any geotechnical fabric used.

Clogging Resistance

Geotechnical fabric clogging resistance is probably the most important fabric property

necessary to insure acceptable long-term performance. This fabric parameter is critical be-

cause the excess pore pressure developed in lower portions of the track structure and/or

subgrade below the fabric must be allowed to dissipate by upward flow through the fabric. If

the fabric becomes clogged in service, rapid pore pressure build-up may occur under severe

transient loading conditions, particularly those caused by long, heavy unit trains. Devel-

opment of excess pore pressures in soft cohesive subgrades could cause bearing failure and

subgrade displacement, while development of excess pore pressures in cohesionless but fine

subballast could cause a liquefaction-type failure. Should either of these failures occur, they

would have a rapid adverse effect on track profile and cross-level, especially if they occurred

while a train was operating on the track. As fabric clogging can potentially cause worse

problems than it would cure by remaining unclogged, fabric clogging resistance becomes of

critical importance.

Only a minimal amount of research has been devoted to predicting the clogging re-

sistance, or, conversely, the clogging potential of geotechnical fabrics. A proper test to

measure clogging resistance or clogging potential of fabrics in contact with soil should consider

the type of soil placed adjacent to the fabric and the type of soil-fabric interaction under which

clogging must be resisted.

In 1972, Calhoun (Ref 5) developed the gradient ratio test for the U. S. Army Corps of

Engineers, which defined clogging potential under various hydraulic gradients by measuring

hydraulic head loss in soil placed adjacent to the fabric. Additional gradient ratio testing was

conducted by Marks (Ref 26). However, the gradient ratio test measures the ability of a fabric

to remain unclogged when subjected to flow at high hydraulic gradients and was essentially

designed for fabric evaluation in drainage and/or erosion control modes. The soil-fabric

interaction mode likely to occur when fabric is used for separation in a railway track structure

is one in which the soil particles are physically forced against (and perhaps into) the fabric,

by either plastic subgrade movement against the fabric or by pumping of cohesionless fines

against and into the fabric under train loading.

Several test methods are currently under development to measure the separation ability

of geotechnical fabrics, attempting to simulate this behavior by dynamic loading of a

aggregate-fabric-cohesive subgrade system. Typical of such tests is the one proposed by Snaith

and Bell (Ref 27). Perhaps this type of test could be used to simualte action of soil against

fabric and, after testing, the reduction in permeability or amount of clogging measured. In any

case, development of a railway user-oriented test to measure clogging resistance and/or clog-

ging potential of geotechnical fabric when used in a separation mode is of extreme importance.

Soil Retention

For geotechnical fabrics used in separation modes, the ability of the fabric to retain

underlying soil, which usually contains a large percentage of fines, from intrusion or pumping
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upward into the track structure is of almost equal importance to in-service fabric clogging

resistance. If the fabric allows an excessive amount of fines to pass, it cannot perform its design

function, that of separation. Calhoun (Ref 5) found that, under hydraulic flow conditions, the

ability of woven fabrics to retain various sized fine particles was directly related to the size

openings in the fabric, and developed the concept of an Equivalent Opening Size (EOS) to

relate fabric pore size to U. S. Bureau of Standards Sieve Number. Thus, a fabric with an EOS
of 100 would have an equivalent pore size equal to that of a U. S. No. I(K) Sieve. Calhoun

performed his research with various gradations of clean sand. Later, sand particles were

replaced by various sizes of round glass beads.

The EOS test is not directly applicable to nonwoven fabrics, as most have no definitive

pore openings. Further, attempts to test such fabrics by the EOS procedure have not been

completely successful in determining an equaivalent pore size, as many of the glass beads

become caught in the fabric during sieving. In any case, the EOS test was designed to measure

soil retention properties in essentially passive filtration and erosion control hydraulic flow

modes, and may not be directly applicable to measurement of soil retention ability of geotech-

nical fabrics in more active separation mode. Testing of geotechnica! fabrics in a model

aggregate-fabric-soil system subjected to cyclic loading, while more complicated than EOS
determination procedures, should give a more realistic assessment of fabric ability to maintain

adequate soil separation under transient live loading. Such a test, if properly designed, could

also measure fabric clogging resistance under active clogging forces, as described previously.

It should be noted, however, that some fines may have to pass the fabric, or pass into the fabric

for thicker nonwoven fabrics, in order to develop a "filter cake" against the fabric and allow

continued drainage. Also, some soil passage is preferable to fabric clogging, from a per-

formance viewpoint.

Puncture Resistance

In order to give successful long-term performance, geotechnical fabrics placed in railway

track structures should not undergo localized puncturing. Most probable cause of fabric

puncture would be from high local contact stresses in open-graded, hard, angular ballast

aggregate, from initial tamping, train loads, and later maintenance retamping. Under such

localized stresses, the fabric could be sheared or torn and, under extreme puncture conditions,

could perhaps no longer perform its desired function.

Some previous testing to determine puncture resistance of geotechnical fabric was con-

ducted by Calhoun (Ref 5), in which various sizes of slope protection riprap were dropped

vertically on various types of fabric with various conditions of bedding. As a result of this

testing, minimum ultimate tensile strength criteria for fabrics to be used under riprap were

developed. Several tests have been proposed by European groups, using various size metal

cones, with either sharp or rounded points, dropped vertically on a stretched piece of geotech-

nical fabric. The ASTM D- 1 3.61 Subcommittee is currently investigating appropriate types of

penetration resistance test methods but, to date, no specific test method has been adopted.

For railroad operations, it would appear necessary to measure fabric resistance to punc-

ture by ballast aggregate under both tamping and train loads. Development of a test method

to measure puncture resistance of geotechnical fabric to ballast tamping should be fairly easy

to develop. Measurement of fabric ability to resist puncture under imposed live load could be

combined with the test for measurement of separation ability and clogging resistance, dis-

cussed previously. As the magnitude of contract stresses, from both ballast tamping and train

loads, decreases with depth in the ballast, fabrics with lower puncture resistance might still

perform a separation function properly, if located deep enough in the track structure.
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Haliburton et al. (Ref 11) conducted creep tests on woven fabrics, in which the fabrics

were subjected to stress levels expected under anticipated use conditions and fabric elongation

measured for extended periods. They found large differences in creep behavior among the

fabrics, and even among fabrics woven from the same fibers by different manufacturers. Using

a different approach, Holtz (Ref 29) conducted creep tests on fabric-reinforced soil specimens

subjected to triaxial testing with the deviator stress maintained at various levels.

As creep resistance (or creep potential) of geotechnical fabrics may be an important

property in some aspects of railway track structure design, an evaluation of the few currently

available creep test methods should be conducted. If these methods do not appear suitable,

then alternative tests should be developed.

Resistance to Ultraviolet (UV) Radiation

Unless given special treatment, most geotechnical fabric, woven or nonwoven, cannot

suffer extended (60 ± days) exposure to UV radiation without physical property deterioration,

including strength, deformation modulus, puncture resistance, and abrasion resistance. Many

fabrics are coated with carbon black or other material, to reduce their UV exposure vulner-

ability. For situations where the fabric is to be covered after placement, the covering with soil

and/or aggregate should prevent UV-induced deterioration. Exposed sides of fabric-rein-

forced retaining walls can be protected by asphalt emulsion (Ref 3), but periodic reapplication

of the emulsion may be necessary.

A standard test for determining rate of fabric degradation when exposed to UV radiation

has not been developed, though the ASTM D-13.61 Subcommittee is compiling data on

various methods, using different arc lamps, to develop an accelerated exposure test. Most

interested parties, particularly user-oriented agencies, have conducted comparative evalu-

ations by simply exposing various types of fabric to natural weathering for extended periods

and making subjective judgments on observed deterioration. As a practical matter, the most

important consequence of geotechnical fabric inability to resist UV radiation may be to

necessitate storing to minimize exposure prior to placement and covering.

Field Workability

The concept of field workability was discussed by Fowler et al. (Ref 18), who evaluated

four woven fabrics in embankment construction on soft foundation. All fabrics performed

satisfactorily in terms of strength development, soil-friction behavior, and other properties

related to performance of the completed embankment. However, when working on extremely

soft foundation without a well-defined vegetative root mat, it was noted that the four fabrics

behaved differently when placed on the soft foundation and subjected to traffic from men

and/or equipment, both before and during placement of initial cover material. The differences

resulted from an apparent combination of relative fabric stiffness and whether or not the

material retains or sheds water. As a result of differences in what Fowler et al. called "field

workability," the rate of construction operation progress varied markedly, depending upon

which fabric was being placed and covered more rapidly than the other fabrics.

Whether or not field workability will be important in placement and covering of geotech-

nical fabrics in railway track structures cannot be determined at this time, though it should

prove important when fabrics are placed on extremely soft subgrade and in fabric-reinforced

embankment construction, and be of minimal importance when fabric is placed on upland

subgrade or in existing track structures. The comparative field workability of different fabrics

may be difficult to simulate in the laboratory, and final judgments may be essentially subjec-

tive and made under field conditions.
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Lateral Drainage

As discussed previously, the lateral drainage property of some nonwoven geotechnical

fabrics may be of significant importance in railway track structure performance. Such a

property would be beneficial if it removed water from the track structure that would otherwise

remain, or helped maintain volumetric stability for potentially expansive subgrade. However,

such a property would be detrimental if it funneled water into the tract structure that ordinarily

would not enter or caused ice lensing and track heaving under freeze-thaw conditions. The

effect of fabric clogging on long-term lateral drainage is also unknown.

No standard test methods are available to predict lateral fabric drainage ability, and

ASTM Subcommittee D-13.61 is not currently studying this fabric property. A railway user-

oriented test for lateral drainage ability can be properly developed only after establishing the

field conditions and situations under which the property improves track structure perfor-

mance.

RECOMMENDED TEST METHOD DEVELOPMENT

Previous paragraphs have discussed the relative importance of each identified geotech-

nical fabric property in obtaining satisfactory railway track structure performance, and have

summarized, in general terms, the current testing state-of-the-art to determine and/or evaluate

such properties. It thus appears appropriate to delineate the general type of fabric tests

necessary for railway track structure applications. User-oriented test methods, concerned with

prediction of the full fabric-ballast-subballast-subgrade system should be developed, rather

than individual tests which merely identify fabric properties in an arbitrary manner. While

future correlation of individual fabric properties with field performance may result in devel-

opment of acceptable simple standard tests, the immediate need, for railway track structure

design purposes, is for laboratory simulation of soil-fabric interaction under appropriate

loading.

Evaluation of Geotechnical Fabric Separation Ability

Rather than attempt to evaluate, on individual bases, fabric properties of clogging resis-

tance, soil retention ability, puncture resistance, and abrasion resistance, it is recommended

that a single test method be developed to measure the general ability of geotechnical fabric

to perform its separation function, when placed adjacent to actual soil and ballast to be used

at a specific location. Further, the soil-fabric system should be subjected to cyclic loading

conditions which simulate, as nearly as possible, the frequency and magnitude of live loads

produced by train passage. While necessary test development may proceed with "average" soil

and ballast, the ultimate goal should be the development of a test which will simulate field

behavior properly, on either a general region or site-specific basis, as desired by the user.

Testing should be conducted for an extended period, to predict long-term separation

ability of the fabric. In addition to providing quantitative information concerning whether or

not the separation function was achieved, post-test data could be obtained on clogging,

puncture, and abrasion resistance of the tested fabrics. Also, as a companion test, a procedure

for determining the resistance of geotechnical fabric to puncture and/or abrasion under ballast

tamping action should be developed. Such a test should be fairly easy to develop and. perhaps

could use existing equipment developed to predict ballast compaction.

Prediction of Geotechnical Fabric Ballast Restraint

Existing test methods for determing fabric properties important in ballast restraint appli-

cations were discussed previously. It may be reasonably assumed that rather simplistic test
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Haliburton et al. (Ref 11) conducted creep tests on woven fabrics, in which the fabrics

were subjected to stress levels expected under anticipated use conditions and fabric elongation

measured for extended periods. They found large differences in creep behavior among the

fabrics, and even among fabrics woven from the same fibers by different manufacturers. Using

a different approach, Holtz (Ref 29) conducted creep tests on fabric-reinforced soil specimens

subjected to triaxial testing with the deviator stress maintained at various levels.

As creep resistance (or creep potential) of geotechnical fabrics may be an important

property in some aspects of railway track structure design, an evaluation of the few currently

available creep test methods should be conducted. If these methods do not appear suitable,

then alternative tests should be developed.

Resistance to Ultraviolet (UV) Radiation

Unless given special treatment, most geotechnical fabric, woven or nonwoven, cannot

suffer extended (60 ± days) exposure to UV radiation without physical property deterioration,

including strength, deformation modulus, puncture resistance, and abrasion resistance. Many

fabrics are coated with carbon black or other material, to reduce their UV exposure vulner-

ability. For situations where the fabric is to be covered after placement, the covering with soil

and/or aggregate should prevent UV-induced deterioration. Exposed sides of fabric-rein-

forced retaining walls can be protected by asphalt emulsion (Ref 3), but periodic reapplication

of the emulsion may be necessary.

A standard test for determining rate of fabric degradation when exposed to UV radiation

has not been developed, though the ASTM D-13.61 Subcommittee is compiling data on

various methods, using different arc lamps, to develop an accelerated exposure test. Most

interested parties, particularly user-oriented agencies, have conducted comparative evalu-

ations by simply exposing various types of fabric to natural weathering for extended periods

and making subjective judgments on observed deterioration. As a practical matter, the most

important consequence of geotechnical fabric inability to resist UV radiation may be to

necessitate storing to minimize exposure prior to placement and covering.

Field Workability

The concept of field workability was discussed by Fowler et al. (Ref 18), who evaluated

four woven fabrics in embankment construction on soft foundation. All fabrics performed

satisfactorily in terms of strength development, soil-friction behavior, and other properties

related to performance of the completed embankment. However, when working on extremely

soft foundation without a well-defined vegetative root mat, it was noted that the four fabrics

behaved differently when placed on the soft foundation and subjected to traffic from men
and/or equipment, both before and during placement of initial cover material. The differences

resulted from an apparent combination of relative fabric stiffness and whether or not the

material retains or sheds water. As a result of differences in what Fowler et al. called "field

workability," the rate of construction operation progress varied markedly, depending upon

which fabric was being placed and covered more rapidly than the other fabrics.

Whether or not field workability will be important in placement and covering of geotech-

nical fabrics in railway track structures cannot be determined at this time, though it should

prove important when fabrics are placed on extremely soft subgrade and in fabric-reinforced

embankment construction, and be of minimal importance when fabric is placed on upland

subgrade or in existing track structures. The comparative field workability of different fabrics

may be difficult to simulate in the laboratory, and final judgments may be essentially subjec-

tive and made under field conditions.
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Lateral Drainage

As discussed previously, the lateral drainage property of some nonwoven geotechnical

fabrics may be of significant importance in railway track structure performance. Such a

property would be beneficial if it removed water from the track structure that would otherwise

remain, or helped maintain volumetric stability for potentially expansive subgrade. However,

such a property would be detrimental if it funneled water into the tract structure that ordinarily

would not enter or caused ice lensing and track heaving under freeze-thaw conditions. The

effect of fabric clogging on long-term lateral drainage is also unknown.

No standard test methods are available to predict lateral fabric drainage ability, and

ASTM Subcommittee D-13.61 is not currently studying this fabric property. A railway user-

oriented test for lateral drainage ability can be properly developed only after establishing the

field conditions and situations under which the property improves track structure perfor-

mance.

RECOMMENDED TEST METHOD DEVELOPMENT

Previous paragraphs have discussed the relative importance of each identified geotech-

nical fabric property in obtaining satisfactory railway track structure performance, and have

summarized, in general terms, the current testing state-of-the-art to determine and/or evaluate

such properties. It thus appears appropriate to delineate the general type of fabric tests

necessary for railway track structure applications. User-oriented test methods, concerned with

prediction of the full fabric-ballast-subballast-subgrade system should be developed, rather

than individual tests which merely identify fabric properties in an arbitrary manner. While

future correlation of individual fabric properties with field performance may result in devel-

opment of acceptable simple standard tests, the immediate need, for railway track structure

design purposes, is for laboratory simulation of soil-fabric interaction under appropriate

loading.

Evaluation of Geotechnical Fabric Separation Ability

Rather than attempt to evaluate, on individual bases, fabric properties of clogging resis-

tance, soil retention ability, puncture resistance, and abrasion resistance, it is recommended

that a single test method be developed to measure the general ability of geotechnical fabric

to perform its separation function, when placed adjacent to actual soil and ballast to be used

at a specific location. Further, the soil-fabric system should be subjected to cyclic loading

conditions which simulate, as nearly as possible, the frequency and magnitude of live loads

produced by train passage. While necessary test development may proceed with "average" soil

and ballast, the ultimate goal should be the development of a test which will simulate field

behavior properly, on either a general region or site-specific basis, as desired by the user.

Testing should be conducted for an extended period, to predict long-term separation

ability of the fabric. In addition to providing quantitative information concerning whether or

not the separation function was achieved, post-test data could be obtained on clogging,

puncture, and abrasion resistance of the tested fabrics. Also, as a companion test, a procedure

for determining the resistance of geotechnical fabric to puncture and/or abrasion under ballast

tamping action should be developed. Such a test should be fairly easy to develop and. perhaps

could use existing equipment developed to predict ballast compaction.

Prediction of Geotechnical Fabric Ballast Restraint

Existing test methods for determing fabric properties important in ballast restraint appli-

cations were discussed previously. It may be reasonably assumed that rather simplistic test
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methods, to measure ballast-fabric coefficient of friction and fabric tensile deformation mod-

ulus, can be developed, perhaps by modification of existing testing equipment. Further, as

separation and ballast restraint benefits may accrue from the same fabric in the same track

structure locations, data obtained from previously described separation testing concerning

fabric clogging resistance, puncture resistance, and abrasion resistance should be available.

Also, with a view towards user-oriented interests in design, any developed laboratory test

should measure the net result of ballast restraint, namely increased deformation modulus of

the ballast-fabric system. Such data could be obtained from a miniature plate bearing-type

test, perhaps with cyclic loading, on a ballast-fabric subgrade system, but a more appropriate

initial investigation might be conducted by triaxial shear strength testing, expanding on the

work of Holtz (Ref 29) with fabric-reinforced specimens. Dynamic response could be deter-

mined and, if it appeared important under transient live loadings, the phenomenon of fabric

creep could also be investigated. Such tests would require larger-than-normal triaxial appara-

tus, to consider the effect of ballast aggregate, but test procedures and evaluations could

follow currently accepted practice. Results of such tests might provide deformation modulus

and strength parameters directly useful in existing railway track structure design methods and

could lead to more refined laboratory model testing and/or field verification studies at some

later date.

Prediction of Geotechnical Fabric Membrane-Type Support

Development of geotechnical fabric membrane-type support may occur in railway track

structures under several special localized deformation conditions. However, the magnitude of

such support and its contribution to total track structure support capacity must be established

by further research. Also, analytical concepts have been developed for prediction of

membrane-type support in roadways and earth-reinforced embankments on soft foundation.

Rather than develop a specific user-oriented test to directly measure such membrane-type

support, it is recommended that existing methods for determination of tensile deformation

modulus, ultimate tensile strength, soil-fabric coefficient of friction, and creep resistance, as

well as analytical methods used in the design of fabric-reinforced embankments on soft

foundation to consider membrane-type support be reviewed for their applicability to railway

track structure situations. Any specific test development in this area should be contingent

upon results of the above review and a realistic research assessment of whether or not

membrane-type support will be significant in railway track structures.

Research into Geotechnical Fabric Lateral Drainage Behavior

Prior to development of any test methods to evaluate geotechnical fabric lateral drainage

ability under simulated field conditions, research should be conducted to determine under

what conditions and situations the behavior is desirable or undesirable in railway track struc-

tures. Depending on these findings, it may be more important to encourage or discourage use

of fabric with this property in certain situations, rather than develop specific test methods.

Geotechnical Fabric-Reinforced Retaining Walls to Carry Track Structures

The current state-of-the-art with respect to analysis, design, and construction of essen-

tially vertical-sided fabric-reinforced retaining structures is fairly well-developed. It is there-

fore suggested that no new testing techniques for fabric selection and/or design be developed.

A more efficient use of available effort could be made in determining whether or not this type

of construction has any particular advantages in railroad operations.
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Geotechnical Fabric-Reinforced Embankments on Soft Foundations to Carry Track

Structures

As with the previous concept, the current state-of-the-art in analysis, design, and

construction is believed adequate to allow user-oriented fabric selection and embankment

construction, should specific circumstances dictate the concept as a cost-effective choice. It

is therefore recommended that no new test methods be developed for this concept.

Instead, effort should be directed toward determining potential applicability of the concept

at locations where conventional embankments to carry track structures might fail from

foundation bearing overstress and/or embankment splitting.

SUMMARY

Based on the discussion and evaluation contained herein, it is recommended that new,

user-oriented test methods, simulating, insofar as possible, expected field conditions and

loadings, be developed to predict the effect of geotechnical fabric separation and ballast

restraint on railway track structures. Research into the magnitude of membrane-type support

which can be developed is also recommended. In addition, existing test methods for deter-

mination of fabric ultimate tensile strength, tensile deformation modulus, soil-fabric coeffi-

cient of friction, creep resistance, puncture resistance, and UV radiation resistance should be

reviewed for their applicability to fabric evaluation/selection in railway track structure use.

Research into the actual effects of fabric lateral drainage should be conducted to determine

the facts of the matter, in light of both observed benefits and adverse effects possible for the

fabric porperty. Methods for analysis, design, and construction of retaining walls and fabric-

reinforced embankments on soft foundation should be reviewed for applicability to provide

support for railway track structures.

The ability of geotechnical fabric to remain unclogged for extended periods, when placed

in railway track structures and subjected to active displacement, of fines against the fabric, is

the most important fabric property identified. This property is of critical importance because,

should a fabric clog under long-term use, sudden strength loss from excess pore pressures

could occur in the lower portion of the track structure. The potential adverse effects of this

strength loss from fabric clogging greatly exceed the benefits to railway track structure per-

formance the fabric is intended to provide. It is extremely important not to solve one problem

and create another of greater magnitude.

CHAPTER 5. FIELD SURVEY AND ASSESSMENT

As part of the study plan, several site visits were scheduled with member railroads. The

purposes of the visits were to discuss general construction, maintenance, and operating poli-

cies of various railroads with respect to track structure systems, review previous railroad

experience with geotechnical fabric, visit various field sites where fabric was currently being

evaluated on a test and/or prototype basis, and determine the specific railroad needs which

could be fullfilled by geotechnical fabrics. Both management- and operations-level en-

gineering, maintenance, and construction personnel were interviewed during the visits. Nu-

merous comments were received from all railroads visited. Without correlation to any specific

railroad and/or location visited, general findings of the field visitation program are indicated

in subsequent paragraphs. Discussion of one specific field test site on the Southern Pacific

Railway is also included.

CURRENT DESIGN, CONSTRUCTION, AND MAINTENANCE OF RAILWAY TRACK
STRUCTURES

In general, it was found that two different design philosophies exist for railway track

structures, depending upon whether new construction or remedial maintenance was involved.
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For new construction, of either a new route or relocation of an existing route, reasonable

design procedures with a level of sophistication similar to those employed by state highway

departments and based on semi-empirical procedures such as the California Bearing Ratio

design method are used, and attempts are made to consider general subgrade conditions and

drainage, type of rail/crosstie/fastener structure, anticipated gradation and strength of ballast

and subballast, and magnitude and frequency of expected train loadings. The end product of

the design procedure is a railway track section with ballast and subballast thicknesses necessary

to provide adequate long-term performance, with essentially minimal maintenance. Most of

the correlations used in thickness design are empirical and based on regional experience. As

a general statement, it may be concluded that rational design methods are employed for

railway track sections developed in new construction. The main flaws in current design meth-

ods appear to be:

a. Assumptions that the design section will remain "as designed" indefinitely, i.e., that

no subgrade intrusion, ballast and/or subballast degradation, fines accumulation, and loss of

profile and cross-level will occur, and

b. The assumption inherent in any railway (or highway) project that "average" soil

conditions exist over fairly long stretches of the alignment. Thus, there will always be some

locations where "worse than average" soil conditions will cause localized problems.

With respect to maintenance of existing track structures, a much more varied set of

procedures appears to exist. Many existing track structure alignments were first constructed

in the 1800's, prior to development of any criteria except past experience for track structure

design, and materials used most often in track structure construction were those immediately

adjacent to or within short haul distance of the alignment. Over the years, as increased train

weight and speed caused deterioration of track structures from overstress, the most expedient

and cost-effective maintenance policy was simply to raise the track structure (sometimes back

only to its original elevation) by adding additional ballast and tamping to restore profile and

cross-level.

At many locations this periodic maintenance procedure finally resulted in development

of equilibrium conditions, with up to five feet or more of ballast between crossties and the

original track subballast/subgrade. At other locations, however, continuing maintenance prob-

lems exist, as they have since the railway was first placed in service. Periodic maintenance by

adding additional ballast, tamping, and restoring surface does not solve the problem, but only

buys time for successful railway operation until the next maintenance cycle. This behavior is,

more or less, predictable, as soft cohesive subgrades, when overstressed, have a seemingly

infinite capacity for crushed stone. The subgrade intrusion/ballast intrusion cycle, once ini-

tiated, cap continue for indefinite periods as any intrusion reduces the effective track structure

thickness and the magnitude of track loadings has increased historically. Similar long-term

problems are encountered in use of limestone and other degradable materials for subballast,

as the materials degrade more rapidly with time and exposure to water. Even with well-

designed new construction, maintenance problems can occur at switches, grade crossings,

isolated soft subgrade locations, and other anomalies where the overall track structure has

different loading response behavior. Typical photographs of unsatisfactory track structure

performance observed during the site visits are given in Appendix 1.

In general, a consensus opinion was that periodic maintenance is considerably more

cost-effective than complete renovation (down to subgrade) of the track structure. The only

exceptions noted to this generally expressed philosophy were at isolated extremely high

maintenance locations, such as heavy-use grade crossings, railroad crossing frogs, switches,

ballast deck bridges, hump retarders. scale approaches, and other such track structure anom-

alies.
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Further, omitting developments in the rail/crosstie/fastener component, most innovative

concepts in track structure maintenance appear related to improving efficiency of historical

maintenance operations, i.e., adding additional ballast and tamping, with or without removal

of existing fine-contaminated ballast. Development of various undercutters which selectively

sort and replace acceptable fractions of contaminated ballast have allowed railroads to per-

form ballast renovation and/or replacement activities on a much more cost-effective basis.

Also, tamping equipment has been made more efficient. Local underdrains have also been

added at high maintenance locations, to assist ballast drainage. New maintenance measures

include lime, cement, or other chemical injection into soft. wet. plastic subgrades to stop

subgrade intrusion problems, and use of geotechnical fabric.

In summary, new construction design is generally conducted on a rational basis. The main

needs for improvement in railway track structure design are concepts which would allow the

initial design to remain stable over an extended period and/or improve the performance of

existing track structure components, which would then allow an effective reduction in com-

ponent thickness. For maintenance activities, the greatest need appears to be for a concept or

a component which would eliminate, or at least greatly reduce, periodic track structure

maintenance, both on long stretches of track alignment and at isolated high-maintenance-

frequency locations. Whether the concept or component is completely new or is incorporated

with currently used maintenance procedures appears irrelevant, as long as it is effective. It was

also a general consensus that railway track structure maintenance problems were of much

more overall importance than new construction problems, which is not surprising in view of

the amount of existing track, when compared to anticipated new construction.

USE POTENTIAL OF GEOTECHNICAL FABRICS

All management- and operations-level personnel contacted during the field visits were

extremely interested in the potential use of geotechnical fabric in railway track structures.

Almost all engineers had seen or were aware of various advertising brochures and other

technical literature on fabric use in railway operations. Various levels of interest and/or

understanding concerning the mechanisms by which fabric could provide improved track

structure performance were observed. An almost universal understanding of the separation

concept was noted, but considerable skepticism was expressed concerning ballast restraint and

membrane-type support behavior postulated for fabrics. Responses concerning the lateral

drainage properties of some nonwoven fabrics ranged from complete belief that the property

was universally desirable, through expressions that the property was certainly desirable if it did

not cause other adverse effects, to expressions of skepticism concerning acceptable long-term

performance.

Many of the operations-level engineers were not aware of or had not considered the

concept of fabric clogging, but. after discussion, most were in agreement that this could well

be the most important engineering parameter. The primary reason for agreement was that any

concept and/or design modification they would use should provide long-term solutions, as

short-term solutions are already available and, in fact, constitute most of their standard

maintenance procedures.

Comments made by almost all management-level engineers indicated that the most im-

portant factor they would use in deciding whether or not geotechnical fabrics should be

employed was fabric long-term ability to perform satisfactorily, whatever the performance

function. Further, detailed discussions on maintenance procedures, operating costs, and re-

lated factors made it clear that, in any maintenance scheme in which fabric was employed, the

total cost of the fabric is only a small fraction of the total project cost. Costs for crew and

equipment mobilization/demobilization and revenue lost by removing the track from service
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during the maintenance period were the major expenses. Thus, fabric performance of its

intended function or functions in the railway track structure is considerably more important

than cost of fabric. For example, if the current maintenance interval could be doubled the

potential cost savings would amount to many times the cost of fabric. Thus, initial investment

in an extremely expensive fabric could be justified if it would result in doubling, tripling,

quadrupling, etc., the normal maintenance interval.

A general consensus was achieved concerning the need for high-performance fabrics and

for strict specifications, developed on a technical performance basis, such that cost of fabric

would become a secondary factor. With proper performance specifications, adequate fabric

performance could be achieved and inexpensive but poor-performance-quality fabrics would

be eliminated from consideration.

GENERAL OBSERVATIONS CONCERNING CURRENT GEOTECHNICAL FABRIC
TEST SECTIONS

During conduct of the field visitation program, numerous geotechnical fabric test sites,

located in various climatic regions of the U. S. and Canada, were observed. Discussions were

also held with member railroad personnel concerning performance of other non-visited test

and prototype sections. Test site locations included stretches of main and secondary track, as

well as grade crossings and switches. At some locations, adjacent portions of the track, grade

crossings, or switches had been used as control sections. Various types of nonwoven fabric had

been placed at various depths beneath the track structure, using various combinations of

ballast and subballast. Photographs taken at field test locations are shown in Appendix 2. The

Southern Pacific Transportation Company—Monsanto Company test section was considerably

more sophisticated than others visited, and is discussed separately in the next section.

Unfortunately, at many locations, test sections had been in place for only a short (two

years or less) period and had been placed as part of a program which included renovation

and/or replacement of ballast. Renovation and/or replacement of ballast alone had also been

conducted at adjacent control locations. Thus, in many instances the fabric test section was

performing properly but the control section was also performing properly. However, at some

test site locations, fabric test installations were performing satisfactory and subgrade intrusion

and/or cohesionless fines pumping were noted immediately adjacent to the fabric test section.

Conversely, at other locations both control sections and fabric test sections were performing

unsatisfactorily.

Observations of existing test sections indicated that all fabrics, when uncovered, were in

an essentially unstretched mode and, in many instances, severely wrinkled. It is thus doubtful

that any membrane-type support action has occurred at any of the visited test sections.

Further, the actual fabrics used in the visited test sections have a relatively low deformation

modulus and one should not expect any membrane support from these fabrics without exten-

sive track structure deformation. All fabric samples uncovered contained numerous large and

small holes, apparently caused by ballast penetration. In general, the number and size of holes

punched through the fabric were larger when the fabrics were located in the upper portion of

the track structure, though stone penetration was noted in fabrics located 12 in. -15 in. below

crossties (at the top of subballast). At several locations, nonwoven fabrics were observed to

be contaminated with numerous fines. The effect of fines penetration on overall fabric perme-

ability and long-term clogging potential could not be ascertained, but is indicative of the need

for careful future study concerning the clogging potential of fabrics placed in railway track

structures. Whether or not any lateral ballast restraint had been developed by the fabrics could

not be ascertained by inspection, though it is possible that some fabric tearing and stone

penetration observed could have been caused by lateral movement of overlying ballast.
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THE SOUTHERN PACIFIC TRANSPORTATION COMPANY—MONSANTO
COMPANY CALDWELL TEST SECTION

At Caldwell, Texas (near Houston) the Southern Pacific (SP) Transportation Company
has constructed, in cooperation with The Monsanto Company, a rather extensive geolechnical

fabric test section. The test section was built by new construction of a passing siding parallel

with existing SP main line track. Extensive sampling and testing of highly plastic clay subgrade

soils, with considerable shrink-swell potential, were conducted and extensive instrumentation

of all types was placed in the various test sections, which consist of a control section with

fabric, a control section with cement-stabilized subballast, different grades of Monsanto-

produced fabric, and fabric produced by DuPont and Crown Zellerbach, which has also been

used in SP operations. Instrumentation was purchased and installed by Monsanto, who is also

responsible for data collection and evaluation. The SP constructed the test section and period-

ically provides controlled train loadings for the ongoing data collection program.

At this test site, much careful thought has been given to the design of a controlled and

instrumented experiment and much data have been and will be produced from the project.

Proper evaluation and assessment of these data should provide important insights into fabric

performance in railway track systems and should be extremely helpful in development of fabric

design and construction criteria and performance specifications.

QUESTIONS OF RAILROAD PERSONNEL DURING FIELD VISITS

Questions asked, by both management- and operations-level engineering personnel,

during site visits were primarily concerned with which fabric should be used, the optimum

depth for fabric placement in the track structure, whether or not fabric could be placed in the

track structure at a level consistent with normal undercutting operations and still perform

satisfactorily and, for some fabrics, whether they should be installed with the "shiny" side

"down" or "up." Responses to the questions were, of necessity, general and included:

a. The purpose of the project was to develop appropriate interim guidelines and allow

formulation of long-term plans to provide proper data and specifications for fabric selection.

b. The lower in the track structure, below bottom of crossties, the fabric could be placed

the better it would likely perform, with minimum cover of 8 in. -10 in. suggested for fabrics

having very high stone penetration resistance and more cover necessary for fabrics with lower

stone penetration resistance. Consideration should also be given to locating the fabric below

the depth of any future maintenance tamping and ballast replacement/renovation, so that it

will not be destroyed. Mr. J. B. Farris (Southern Railway System) recommends a minimum
12 in. cover depth, which will allow an 8 in. tamping depth. Mr. A. W. Worth (Canadian

National Railroad) advised that fabrics placed 6 in. -8 in. below crossties were destroyed the

first time maintenance tamping was done to restore surface and cross-level. Mr. Worth

suggests that the depth of ballast from bottom of tie to top of fabric be not less than the width

of the ballast crib between ties. Fabrics used by the Southern and Canadian National Railroads

had low to moderate puncture resistance, compared to all fabrics currently available.

c. For maximum potential performance in separation the fabric should be located at the

base of the subballast, or if contaminated ballast is being replaced and/or renovated, the

replacement/renovation should be carried out to the maximum practical cost-effective depth

(8 in. -10 in minimum final cover—see Item b. above) and the fabric placed on top of the

contaminated ballast.

d. For maximum potential performance in ballast restraint, the fabric should be located

at the base of the ballast, or if contaminated ballast is being replaced and/or renovated, the

replacement/renovation should be carried out to the maximum practical cost-effective depth



104 Bulletin 684—American Railway Engineering Association

(8 in. -10 in. minimum final cover—see Item b. above) and the fabric placed on top of the

contaminated ballast.

e. The "shiny side" of the fabric is a result of its manufacturing process and no significant

difference in fabric performance should be expected, no matter which side is laid on existing

soil or aggregate. As a practical matter, if any fabric must be placed with a certain side "down"

or "up" to obtain optimum performance this factor is highly detrimental to its selection, as it

places responsibility for obtaining satisfactory field performance in the hands of laborers and

other nonengineering personnel who must install the product.

SUMMARY

The member railroad visitation program, including field site visits, was extremely helpful

in developing a general picture of railroad design and construction methods, maintenance

requirements, operating philosophy, and needs for railway track structure modification and/or

improvement to produce more cost-effective operations. The visits were also helpful in deter-

mining the current state-of-fabric knowledge among railroad professional engineer personnel,

the type of knowledge desired by such personnel, and the potential for geotechnical fabric use

in railroad track structure construction and maintenance. However, the various field tests

currently in progress are, in general, not sufficient to allow any quantitative judgments

concerning fabric selection, location, and expected performance, especially from a long-term

behavior viewpoint. Existing test sections do allow development of some qualitative informa-

tion on fabric performance, indicate that the potential for track structure improvement exists,

and show that it is operationally practical (by several different methods) to install fabric in

existing track structures. Also, these test sections have provided results useful for in-house

engineering decisions concerning when, and under what general conditions, fabric should be

used. The Southern Pacific Transportation Company-Monsanto Company test section should

produce data of importance concerning potential use of fabric, especially on expansive clay

subgrades.

CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS

Based on the results of literature review, field site visits, discussions with railroad profes-

sional engineer personnel, and evaluation of all data concerning potential applicability of

geotechnical fabrics to railway track structures, it may be concluded that:

a. Geotechnical fabric has considerable potential for use in improvement of railway track

structure performance, both in new construction and in remedial maintenance applications.

Improvement in track structure performance is likely to accrue from material separation,

either by preventing subgrade intrusion or pumping of cohesionless fines, and from lateral

ballast restraint. Membrane-type fabric support will likely be developed by a variety of track

structure localized deformation conditions. However, further research is needed to determine

whether or not a marked improvement in track structure performance could result from such

membrane-type support.

b. In many instances, fabric behavior in railway track structures is similar to fabric

behavior in unsurfaced road construction. However, all forces which must be resisted by

geotechnical fabric are considerably more severe in railway applications. Fabrics which per-

form satisfactorily in road applications may or may not be suitable for use in railway oper-

ations.

c. The most important fabric properties necessary to obtain satisfactory separation and

lateral ballast restraint appear to be, in order, clogging resistance, soil retention ability.
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ballast-fabric friction, puncture resistance, and abrasion resistance. Tensile strength and ten-

sile deformation modulus are also of importance. Tensile deformation modulus, ultimate

tensile strength, and creep resistance will be important in developing membrane-type support.

For almost all geotechnical fabric currently commercially available, per se, of the fabric is

unimportant as long as the fabric does not clog in service.

d. The property of drainage in the plane of the fabric, exhibited by some nonwoven

geotechnical fabrics, may or may not have site-specific application in railway track structures

where an open-graded ballast exists above the fabric. If lateral drainage behavior occurs

(without clogging) for an extended period, it has been observed to assist total drainage and

maintain more uniform subgrade moisture conditions. However, at locations where high water

tables and/or local drainage blockages exist, the fabric may serve to funnel water into the track

structure rather than remove it. Also, in freeze-thaw environments, such fabric may cause ice

lensing and aggravate frost heaving. Further research, evaluation, and experience is needed

to determine the specific conditions, climates, and design situations where this property can

be used to improve track structure performance.

e. The most cost-effective potential use of geotechnical fabrics is in situations where they

will extend the necessary track structure maintenance interval. Compared to the cost savings

realized from extended maintenance intervals, fabric cost is extremely small. Thus, fabric

performance, especially on a long-term basis, is the key to cost-effective use of the material.

It is therefore necessary to develop sound technical performance criteria and specifications for

fabric selection, so that fabric purchase can be based on technical suitability rather than only

on cost.

f. Currently available procedures for analysis and design of fabric-reinforced retaining

walls and fabric-reinforced embankments on soft foundation make use of generally accepted

mathematical procedures, which have been verified by test section and/or prototype construc-

tion. Use of these earth structures to carry railway track structures, at locations where other

alternatives are not technically feasible or cost-effective, is recommended. Such situations

should occur when existing foundation strengths are so low that conventional embankment

construction techniques cannot be used.

RECOMMENDATIONS FOR FURTHER ACTIVITIES

In order to more precisely define the potential of geotechnical fabrics for use in railway

track structure construction and maintenance, the following activities should be initiated, in

the immediate future. These activities are believed necessary before a properly designed field

evaluation program can be carried out so that, based on results of such a field evaluation

program, appropriate technical performance specifications and design criteria can be devel-

oped for selection and use of geotechnical fabrics:

a. Railway-oriented test procedures should be developed to measure separation ability of

geotechnical fabrics, when placed between ballast and subballast or subgrade. The test should

stimulate the dynamic live loads provided by train operation and should measure overall

performance, as well as clogging resistance, soil retention ability, puncture resistance, and

abrasion resistance of the fabric. A companion test procedure to measure puncture and

abrasion resistance of geotechnical fabric under ballast tamping forces should also be devel-

oped.

b. The effect of lateral ballast restraint provided by geotechnical fabric should be in-

vestigated by attempting to measure the end result of restraint, namely improvement in

deformation modulus of the fabric-restrained ballast. The result of such a test should be an

"effective modulus" for use in track structure design. While any final laboratory of field test
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should evaluate a ballast-fabric-soil system under expected field loading conditions, triaxial

testing, using ballast with fabric inclusions, should be a relatively inexpensive method of initial

testing, to determine if the improvement effected by ballast restraint is significant enough to

affect track structure design, and thus warrant development of more detailed simulation

methods.

c. Analytic and/or experimental research, as appropriate, should be conducted to evalu-

ate the potential improvement in track structure performance resulting from development of

geotechnical fabric membrane-type support. With such data, a rational determination can be

made concerning the magnitude of improvement in track structure performance expected

from such support.

d. Existing and proposed geotechnical fabric property tests for ultimate tensile strength,

tensile deformation modulus, puncture resistance, and creep resistance should be reviewed,

to determine their potential applicability to railway track structure fabric usage. If inap-

plicable, appropriate alternative test methods should be developed.

e. Test procedures for determining the effective coefficient of ballast-fabric friction

should be developed. Modification of existing direct shear apparatus, with larger shear boxes

to contain ballast samples, is recommended. Normal pressures applied during shear testing

should range from dead load confinement to maximum dead plus live load stresses anticipated

during train operation.

INTERIM RECOMMENDATIONS

Until results of future laboratory test development, field testing, evaluation, and other

effort necessary to provide a sound data base for development of appropriate technical

performance specifications, design criteria, and construction methods are available, the fol-

lowing interim suggestions are made concerning geotechnical fabric use:

a. No large capital expenditures for geotechnical fabric to be placed in new construction

or used in maintenance of existing track structure are recommended, unless a satisfactory field

test section using the fabric has been constructed. As an alternative to in-house test sections,

discussions concerning expected behavior could be held between engineers of the railroad

company with interest in fabric use and engineers of a railroad company with test and

prototype data concerning fabric performance. Engineering judgment and experience may be

used to adapt, in some instances, results and criteria of others to desired site-specific situ-

ations. In evaluating field test section performance, considerable attention should be paid to

clogging potential of the fabric, as evidenced by intrusion of fines during test section life, and

to the ability of the fabric to remain intact and not be punctured or abraded by ballast.

b. Improvement expected from geotechnical fabric use should be confined to the benefits

of separation, unless other field data warrant consideration of ballast restraint and/or

membrane-type support. The optimum location for new construction fabric placement in

separation appears directly on the subgrade. At locations where a fine subballast is contem-

plated, decisions about where the fabric should be placed should be based on the type of

behavior anticipated from the fabric, i.e., prevention of subgrade intrusion into the subballast

or prevention of subballast fines pumping into the ballast.

c. When used in remedial maintenance activities, the fabric should be placed as low in

the track structure as practicable. When placed in conjunction with plowing or undercutting

and replacement/renovation of upper ballast, the fabric should be placed between the

renovated/replaced ballast and the contaminated ballast.
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d. It is extremely important that fabric be placed low enough in the track structure so that

it will not be destroyed by ballast puncture, initial or later maintenance tamping to obtain/re-

store line and cross-level, and any future plowing/undercutting operations. Procedures empir-

ically verified under field conditions include placement of fabric a depth of 4 in. below the

expected depth of maximum tamper penetration, and use of a minimum total depth below ties

equal to the width of the ballast crib between ties. A minimum depth of 8 in. below ties should

probably be maintained even with very high-puncture-resistance fabric, and much more cover

may be required for low-puncture-resistance fabrics. When in doubt, simple field tests per-

formed in conjunction with ongoing maintenance operations should give site-specific data.

e. Engineering judgment should be applied in selection of site-specific locations where

fabric with lateral drainage ability can be used.

f. Properly designed geotechnical fabric should perform satisfactorily, no matter which

side is placed "up" or "down." If fabric performance is believed to be markedly different,

depending upon placement conditions, use of such fabric should be avoided, as potential for

unsatisfactory performance from field placement error would exist.

Finally, until proper guide specifications, test methods, and other use criteria are devel-

oped, engineering judgment, intuition, and previous experience must serve as the basis for

geotechnical fabric selection and installation. In such instance, there is no substitute for a

careful, logical, and rational approach to the problem, with a view toward determining the

improvement expected from fabric use and application of rational engineering principles to

realize the improvement.
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APPENDIX 1.

PHOTOGRAPHS OF UNSATISFACTORY RAILROAD TRACK
STRUCTURE BEHAVIOR

i
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Al.l Intrusion of highly plastic clay subgrade through
ballast on inside of rail.

' TT:

A1.2 Intrusion of highly plastic clay subgrade through
ballast outside of rail. Note settlement of track

structure and crossties relative to ballast at

right of photograph.
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A1.3 Intrusion of moderately plastic clay subgrade through
ballast at grade crossing, causing ballast clogging
and water ponding.

Al.A Cohesionless fines pumped from subballast through

ballast in center of track.
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A1.5 Localized pumping of cohesionless fines from lower

portion of ballast. Note subsidence of track struc-
ture as compared to adjacent ballast outside cross-
ties.

.'^-^
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A1.6
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Localized pumping of cohesionless iineb tu oallast
surface, with resulting ballast clogging and water
ponding. Note crosstie abrasion.
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A1.7 Pumping of cohesionless fines from lower portion

of ballast under train loading. Newly pumped

material is darker.

A1.8 Extensive pumping of cohesionless fines to ballast

surface at switch location resulting in ballast

clogging and water ponding. Water is standing

approximately 3.5 ft above level of adjacent drain-

age ditch parallel with track alignment.
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A1.9 Fine to very fine engine sand spilled along track
alignment, a typical source of fines which cause
lower ballast clogging and/or pumping, after their
downward migration.

Coal spilled along track alignment (covered with
cohesionless fines extruded by pumping) at switch

location, another source of ballast fines contami-

nation. Note high water table in the ditch at

edge of track alignment.
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APPENDIX 2.

PHOTOGRAPHS OF GEOTECHNICAL FABRIC INSTALLATION
AND AS PLACED IN RAILWAY TRACK STRUCTURES
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A2.1 When placing geotechnical fabric in the track
structure, it is expedient to incorporate place-

ment with normal maintenance activities.

A2.2 After plowing the crossties are replaced on the

surface of the contaminated ballast and the upper
ballast is spread to either side of the track
alignment.
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A2 . 3 A locomotive crane is used to raise the track and

crossties while a roll of geotechnical fabric is

placed on a spool underneath the crossties and

unrolled along the alignment. Then the track and

crossties are lowered on top of the fabric.

^•ii^^
-*!*'
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A2.4 Pipe spool used to unroll geotechnical fabric along

the alignment.
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A2.5 View of geotechnical fabric in place in the railway
track structure, immediately above unp lowed contami-

nated ballast. As a final step, the track and cross-

ties will be raised and new ballast placed and tamped,

A2.6 Typical geotechnical fabric lab joint between rolls,
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A2.7 Folded back lab joint.

A2.8 Localized distortion of fabric under crossties, as

a result of unevenly plowed placement surface.



Paper by T. Allan Haliburton 121

A2.9 The first step in switch renovation using geotechnical
fabric is removal of the existing switch and adjacent
rails and crossties. Note the extremely large amount
of plastic clay subgrade intrusion at the switch.

A2.10 After switch removal, contaminated ballast is removed

and the switch area graded to provide a relatively
flat fabric placement surface.
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A2.11 Geotechnical fabric is brought to the site and

unrolled by hand along tlie switch alignment.

A2.12 The fabric is unrolled down the switch alignment

from one end of the abutting tracks to the other.
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A2.13 In order to provide adequate coverage under the

entire switch, it may be necessary to use more
than one width of fabric.

A2.14 At the end of the switch, fabric is wrapped back

onto itself.
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A2.15 The new switch is then placed on the fabric and
rail and crossties placed from the switch to the
abutting track. The entire switch, rails, and
crossties are then raised and new ballast placed
and compacted, to complete the operation.

A2.16 Geotechnical fabric in place on highly plastic
clay subgrade under approximately 12 in. of

ballast.
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A2..17 Geotechnical fabric in place on highly plastic
clay subgrade under approximately 12 in. of

ballast. Note intrusion of subgrade particles
into fabric and deformation pattern produced in

the subgrade.

A2.18 Comparision of two geotechnical fabrics placed

on highly plastic clay subgrade under approxi-

mately 12 in. of ballast, with high ultraviolet

(UV) radiation resistance (background) and low

UV radiation resistance (foreground).
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A2.19 Detail of UV deterioration and weathering on

exposed geotechnical fabric protruding from
track structure.
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A2.20 Geotechnical fabric protruding from edge of track
structure under approximately 6 in. of subballast
and 6 in. of ballast.
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A2.21 Detail of stone puncturing in geotechnical fabric
placed approximately 6 in. below base of cross-
ties in conjunction with undercutting and ballast
renovation/replacement

.
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ESCO
Rail Saws — Drills — Abrasive Saws

Anchor Applicators — Trak-Skans

Boutet — Field Welds

Grinding Wheels — Cut-Off Wheels

Yard Cleaners — Switch Undercutters

Tie Destroyer — Welded Rail Trains

Track Patrols — Portable Ramps
Tie Unloaders — Tower Cars

Hydraulic Testers — System Fuel Trucks

Rail Welding — Hydr. Rail Stressors

CHICAGO, IL — 312 939-0840

PHILADELPHIA, PA — 215 752-0133

ST. LOUIS, MO — 314 421-6499

CALORITE
A BETTER IDEA
The Calorite process has been in

use since 1903 replacing bolted

joints with smooth, welded
connections. The idea of

continuous welded track gained
steadily in fxjpularity everywhere.

Now Calorite is better than ever.

Working with American railroads

on American rails, we have
modified the procedure and
increased the efficiency of

the process.

We'd like to demonstrate for you —
on your track, in your area.

Moreover, wed like to train your
crews to show you how our better

idea has been made better.

$

MADE BETTER
A better way to
remove excess
metal from rails

i'^/iwCALORITE
RAIL SHEAR
After a thermite weld is made, excess
metal remains on the head of the rail.

Normally, this is a time-consuming,
potentially dangerous procedure. The
Rail Shear removes excess metal

quickly and safely, shortens downtime
— another example of

Calorite leadership.

CALORITE THERMITE WELDING
Calorite, Inc. • 506 W. Winthrop St. • Addison, IL 60101 • (312) 543-8699



What's the most sensible thing
to say when your customer
says, "Siding!"?

Foster.

Since you run a railroad and we supply rail, you
shouldn't worry when one of your customers needs
siding repair, replacement or expansion.

Point your customer to the only one-stop source

for rail and track material: us.

We offer prompt delivery from the most com-
plete rail warehousing facilities in the country.

We stock all standard sections of tee and
crane rail — new and relay — from 12 to 175

lbs. We also supply FasTrak, the preassem-
bled, steel-tied panel that saves time and
money. Plus all the accessories your cus-

tomer will need.
So the next time your customer says.

"Siding! "Foster." Because that's

what makes sense. For your customer.
And you. And us.

L.B. Foster Company,
Foster Building, 415 Holiday
Drive, Pittsburgh PA
15220.



That's because L. B. Foster Company
can provide a rail. Or a railroad. Or
anything in between.

In fact, L. B. Foster is the country's

leading one-stop shop for rail, track-

work, rail accessories and tools We
manufacture frogs, switches, turnouts

and pressure treated cross ties.

Beyond all this, we provide
industrial users with a track inspec-

tion service. Trained experts work
with users to maintain installations,

then provide the know-how and the
inventory to keep the railroad in

working shape.
And if there's a need for replace-

ment or repair parts, they're available

erything.
fast from any of Fosters coast-to-

coast stocking locations.

If you're an industrial rail user,

theres a lot more you ought to know
about L. B. Foster. Write for the

latest information about rail and rail

products and our track inspection

program.
Then you'll see we do supply

everything.

Write: L. B Foster Company,
Foster Building, 415 Holiday Drive,

Pittsburgh PA 15220

FOSTER L.B.FOSTER
COMPANY



Continuous Welded Rail

We will furnish everything for Cropping and Welding

All we need is a level site and a pile of rail

LEWIS RAIL SERVICE COMPANY
44050 Russia Road Elyria, OH 44035

(216) 323-1277



What II GreatWay to Hold
HRallroailllDsether

Standard and insulated track joints

Motive power and rolling stock

Bridges and other RR structures

Send for our newest FREE CATALOG
on how to hold it all together:

HUCK MANUFACTURING COMPANY
8001 Imperial Drive D Waco. Texas 76710

HUCK

PENTA CONSTRUCTION
CORPORATION
Railroad Track Construction

Rehabilitation, and Related

Right-of-way Construction

6800 Jericho Turnpike

Suite 110 West

Syosset, New York 11791

(516)921-4200



TIE-SAVR ...
EFFECTIVE SOLUTION TO
AN AGE-OLD PROBLEM

Easy reclamation process adds five to eight years

to spike-kiiied ties.

Oiii r.evw 5piKe hoie tiiic/ ^s proving lo so a (cal /unnei' N'jw reaOity avaiiab^ ils

rapioiy replacing wocrten dowels as ihe stanoaro melhod c! sepainng sp^CkiHed
trackage

A *>. granuiai cwnpound, Tie-Sav' lesutls from a Icxtnula ihat incluaes a wood
preservalive a celroUjutri byproOuct and various <aher cnemicais Two lo three

ounces (ili the average overside spikekiiled hole

Heal generated Sy le-spiking causes the TieSavr to plasticize and firmiy inierlocl-

with !he wood iiDe'S' inside Ihe spike hole* Adherence to the spike metal itsett is

assured tjy chemical reaction as the cooling process taKes place Therefore. 80
percent ol the ongmal spikeio-lie bond is achieved and sustained from five to

etghi years {One lailroad customer expects eighi !o ten years per liej

Tir-Savf viriually insures important rr^aintenance of way savinqs ir. fri:^ f r->'n'

lie gang IsIkh costs, and losi opeialionai liine.

Av5n; to know more'' Call or write RACINE RAILROAD PRODul/!- .-.c

lb2A Frede'icK Slrset PC Box 1003. Racine W! 53404 Phone 414 637 9681

ricine

?AT. PENDiN

SajLBS.NETV^T
MATERIAL TO BE USED kii \

RAQNE RAJtROAD PROOtCTlK

1524 FRfDfRtCK STRfET

RAONE, WI ^-S^r-



HEAVY-DUTY

Rail Lubricators

• Easy Installation-no grinding or

drilling required

• No valves to stick or wear out

• Gear punnp and ratchet arm sub-

nnerged in grease

• Effective distribution far beyond
trackside location

• Available in both single and
double rail units, 2-port or 4-port

design
• Extends rail life; reduces M/W
costs

Switch Point
Protectors

Low initial cost, low replacennent

cost

Replaceable blade made of drop-

forged alloy steel, heat-treated

Long service life

Quick installation

Fits right or left-hand switches

Available for prompt delivery

A quality product matched with

quality service

Call or write for our brochures

Moore & Steele Corporation

Owego, Tioga County, N.Y. 13827 U.S.A.

(607) 687-2751

Mi2J-r3

MOORE^Sf^U



Whenthe5«rfag&>"8

bejnv
r hoard chairman

crosses in ^g,.

r>,„fliicts

iundmg oppo>^---
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ao Genesee btrcei,
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438-8222



The Allegheny Insulated Rail Joint-

Designed to withstand the heaviest traffic

in welded rail

This modern joint cemenfs rail ends in position and fhereoffer

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes welded rail truly continuous. It promises you years

of service without maintenance costs. It reduces rail and wheel batter

o a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subs/diary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233



Proven Performer
National's helical spring washers have been giving

proven performances for America's railroads since
1887.

National railway washers have proven time and again
their ability to keep bolts tight by maintaining constant
bolt tension. They have proven their ability to with-

stand the extreme stresses and strains of continuous
heavy traffic and reduce maintenance costs systems
wide!

National . . . the oldest name in railway track washers
with the newest innovations . . . still the name to

specify for quality, concepts, economy and service.

NRTIONRL LOCH WRSHER company
Industrial Parkway North Branch, N.J. 08876
(20 1 ) 526-1 234— Call collect. Send for free catalog.



the complete & dependable remote control system

Featuring . . .

selective range limiting,

stepped or full stepless control

72-76MHZ,

or 450MHz carrier frequencies

(MADE IN USA I

Also Manufacturers of - Unitized Crane Magnetic Systems - Fail Safe
Anti Collision Devices - and Short Range Remote Control

Command Systems.

CONTROL CHIEF CORPORATION
P.O. Box 141 Bradford, Pa. 16701 Tel. (814) 368-4131

HORIZONTAL AIR CURTAIN
POINT END NOZZLE SWITCH PROTECTOR

The Honionial Aif Curiam Point End No/^le Svsiem uldi^es an envelope o1 high velocity ac at ambient

temperature, to prevent the accumulation of ice and snow The use of ambient temperature air eltmmaies the

problems associated wtlh thermal units and >n so doing, significantly reduces energy consumption and
increases rettability

The Point End No/zle. Horizontal Air Curtam consists of a blower unit and the necessary ducting network to

delivery air flow lolhepoint end of the switch mechanism The blower unit isaneleciricallvpoweredcer^trilugal

(an activated by a control device, and is equipped with suitabty protected, and screened low velocily intake

The output from the blower unit is ducted below the rails to two point end no22les mounted wilhm the switch

A continuous high velocity stream of air at approaimalely 100 mph (160 kph) is directed at the point of the rail,

thus preventing the entry of any falling or blowing snow, or ram mio the switch An induced secorwJarv air flow

produces voriexmg action which cleans underneath the heads of the rail and between the ties

Use ol the low maintenance Horizontal Air Curiam. Point End Nozzle system eliminates costly delays, extra

labour costs for switch cleaning and the high energy consumption of competitive hot air or h«ai systems

- ENERGY CONSERVATION
- LOW OPERATING COSTS
- ELIMINATES FUEL STORAGE, TRANSPORT
INVENTORY COST

- ELIMINATES FIRE HAZARD DUE TO ACCIDENTS
- SIMPLE TO INSTALL
- LABOUR SAVING \.^^ ^
• LOW CAPITAL COSTS <;

- ONLY TWO MOVING PARTS (ELECTRIC
MOTOR AND CENTRIFUGAL FAN)

• NO ICE DAMS AS RELATED TO THERMAL HEATERS
NATURAL TEMPERATURE GRADIENT "^

THROUGHOUT THE BALLAST

m hovey & associates (1979) ltd.
CANADA 2378 HOLLY LANE OTTAWA ON:Ai— , : . .!:

(6131 731 1200

USA PO BOX NO 461 WATERTOWN NFW YORK 13601



©Quality and Progress

1981 for 57 years

in Chemicals and
Application . .

.

RAILROAD VEGETATION CONTROL

The R.H. Bogle Company
P.O. Box 588

ALEXANDRIA. VIRGINIA 22313

Memphis, Tenn. Alva, Okla.

Jacksonville, Fla.

Bridges, General and

Incidental Construction, Grading

Gravel, and Crushed Stone Surface,

and Railroad Structures

EDWARD KRAEMER
and

SONS, INC.

General Contractor Plain, Wisconsin 53577 Phone:546-2311



Follow the Leader.
You've seen Electro-Motive Diesels

in front of most trains since Diesel

power started replacing steam
forty-five years ago If you follow

the leader, you know the technol-

ogy and performance testing that

go into our engines are important

reasons why we're out front.

Over six million miles of road

testing under actual hauling

conditions preceded the intro-

duction of our new "50" Series

locomotives Horsepower, adhe-

sion and hauling capability were
well documented before the first

"50" Series was offered

ELECTRO-MOTIVE

Keep your eye on these new
locomotives You'll see more and
more of them out in front of the

freight being hauled by America's

railroads Our continuing efforts to

provide the most effective motive

power possible will keep us

leading the way

Dvision ol General Moiors Corporaiicxi

LaGtangelllmoK 60525



HYMAN-MICHAELS
COMPANY

ADIV.OFAZCONCORP.

SERVING
THE

RAILROAD INDUSTRY
FOR OVER

1 00 YEARS
NEWAND USED RAIL

TRACKACCESSORIES
TRACK SWITCH MATERIALS

FREIGHT CARS
LOCOMOTIVES

1 84 N.LASALLE STREET
CHICAGO, ILLINOIS 60601

TEL 31 2-332-5422



rius new fastener vnu
revolutionize the way
l^ou maintain track.

iVi T ."V 1

^. faster speeds, heavier loads, new track designs, and rising
xpenses. American railways need the new and practical
Dncept in track fastening systems . . . designed by the world's
jading industrial fastener engineers.

t^ time for TRAK-LOK
ail fasteners from OMARK INDUSTRIES M /

The highest

clamping force

available— or

any other force

desired.

Spring clip snaps

on in just

seconds.

Allows rail to

be replaced or

transposed in a

fraction of the

time.

CALL (609) 424-1718

TRAK-LOK
OMARK INDUSTRItSQ

OMARK TRAK-LOK RAILWAY FASTENERS
2091 Spnngdale Rd . Cherry Hill, N J 08003

I would like to see samples and literature of the new
Omark Trak-Lok " Railway Fastening System variations.

NAIVIE

TITLE

COMPANY .

ADDRESS - -ZIP.

TELEPHONE

(
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The Ever-Dependable Wood Crosstie
(Good news down the line)

n This /^ond of shrinking natural

'esources. it s comtonmg to know
there s at least one resource that is

literally growing The proven
dependable wood crosslie We re

growing them faster than we re

jsing them

MS a good thing On down the line,

we'll need 30 million new crossties a

v-ear to keep America rolling That's

a pretty tall order But Man and
Natu'e— working together — began

filling It years ago

In the century and a half since

crosstie technology emerged from
the stone age. modern improvements
in drying and treating wood have
extended the average life of the

crosstie five fold from about six

years to 30 years and up

Today the modern wood crosstie

lasts longer than it taltes to grow a

tree big enough to make one or

more new crossties

Nature IS doing her part, too

Hardwood growth now exceeds
annual cutting by more than TS'o

And that inventory— especially in

crosstie-size trees— is increasing

American Commerce has a tot

riding on the strength and growlh o'

the Nation s Railroads And our

Railroads can bank on the ever-

dependable wood crosstie to carry

Its share of the load Right down
the line

Koppers Company. Inc.

Pittsburgh PA 15219

KOPPERS
Architectural and
Construction Materials



PETTIBONE
A complete line of frogs, switches

and trackwork specialties.

Equipment for track maintenance and materials handling.

.4

Multikranes
7'? to 35 tons

Truck-Kranes 15 to 80 tons

A complete line of Pettibone

Mercury lift trucks and tow

tractors.

Hydro Mower brush cutters.

Re-Railing Kranes to 110 Ions

PETTIBONE

Speed Swing

models 44)-B & 442 B

PETTIBONE CORPORATION
233 S. Wackcr Dr. Suite 5700

ChicdRO. III. 60606

:? 12/876-061

8

PETTIBONE OHIO CORP.

691 7 Bessemer Ave
Cleveland. Ohio 44127
216/641-4000



LORAM'S ALL AMERICAN

TRACK TEAM

Modern
Maintenance
of Way
Equipment

. . . designed

to do the job

better, easier

and at less cost

—with your

men
or ours

—

in record time!

72. 36 AND 24 STONE GRINDERS

AUTOTRACK WITH PlOW AND SLED

THE WINNING TEAM FOR TRACK REHABILITATION PROGRAMS
LORAM RAILWAY MAINTENANCE EQUIPMENT FOR;

• Shoulder Ballast Cleaning • Raising TracK • Resurfacing •

Reballasting • Replacing Ties • Undercutting • Ballast Cleaning

• Crib Skeletonizing • Rail Grinding Single or Multiple trac*< •

Mainline or Yard tracks

CONTRACT. SALE or LEASE

FOR FULL DETAILS
OR SHOWING OF

OPERATING FILMS
WRITE OR CALL TODAV

LORAM 1 MAINTENANCE OF WAY. INC.

3900 Arrowheaa Drive • namei Mf^ bb340 u.SA
PHONE rf 72i 47B-60TI • TELEX 29^039^ Catiie lORA*^



DUPONT
has the people and products

to serve you
There's a DuPont Railroad Vegetation Management
Specialist in your area. Let him bring his technical

knowledge and experience to help you solve your weed
and brush control problems. DuPont is represented by

the most qualified railroad applicators available.

Midwest Southwest

IV. V. Glaser
3053 Monrovia

.enexa.KS 66215

[913)888-4357

LmW. Pershke
904 Hawthorne Court

Franklin, TN 37064

(615) 794-6031

Peter Sarin
PC Box 872

Apt 303

1305 North Broom Street

Wilmington. OE 19806

(302) 655-2472

W. N. Wood
8232 Weld County Rd 1

Longmont. CO 80501

(303) 772-4146

R. H. Koester
4109 Thre€ Oaks Dfive

Arlington. TX 76016

(817) 429 0668

R. A. Slandlth
PO Bo> 5648 Station A

Calgary Alberta T2H lYS

(403) 259-4640

The Du Pont Railroad Vegetation Management Products.

KROVAR' I HYVAR' X VELPAR'
WEED KILLER

3ives you broad-spectrum
Ajeed control at a low cost.
i\ single application of

Krovar I can substantially

recJuce the need for

follow-up sprays later in

the season.

WEED KILLER

Especially effective on
hard-to-kill perennial

weeds and grasses such
as Johnson, Bermuda, nut,

quack, vasey and other

grasses.

WEED KILLER

Gives you both contact

and residual control of

a broad-spectrum of weeds,

grasses and vines

Velpar is non-volatile,

minimizing chances of

drift.

With any chemical, follow labeling Instructions and warnings carefully.

T) RAILROAD HERBICIDES
"*o J*, p*T a TM o"



Treated Wood Products
CROSS TIES SWITCH TIES / LUMBER

POLES PILING TIMBERS / CROSSARMS

Southern WcxxJ Piedmont Company
Meaclauarie>b Ne^ Su.,ir> Pai« • PO Bo. bl-i ,-

• bDa'ianCurg Souin Ca'oima 29304 • 803 b?6 7660

P^ RAYON IER
FOREST PRODUCTS

Copyright ^ 1981 Southern Wood Piedmont Co-



Because our toilets and treatment sys-

tems surpass tough environmental stan-

dards, we're tops with the railroad in-

dustry Units feature stainless steel or

vitreous china two-quart flush toilets The

toilets are also ideal for use in ground

support facilities.They reduce toilet flush

water by 90%.

Contact Microptior for ttie solution

to your difficult railroad problems.

For

Today's

Railroads

m

DUMP VALVES
When the temperature drops to freezing, you'll need a

reliable valve to dump all on-board water to prevent

damage to pipes, valves, tanks, etc

Look to Microphor for reliable dump valves that

work.

WATER TANKS
Microphor can supply plastic water tanks in many
standard sizes and capacities, as well as tanks to

meet special customer requirements where size and

space are a problem

Our toilet systems are known ttirougtiout the world

as environmental on-board disposal systems you

can rely on to meet anti-pollution standards

recommended by the Association of American

Railroads. Micropt)or is currently meeting the

sewage treatment needs olover 78 railroads.

PC Boi490-ARE

Wlllits,CA 95490

(707)459-5563

Cable - Microphor-Willits Telex - 340672 Remco Hydraulics - Willlls



Make your maintenance-of-way project

the best game in town.
Economical and efficient maintenance-of-way is a

result of utilizing the right services and equipment for

the job.

We've made a commitment to provide quality

equipment and services to the maintenance-of-way

business through our "triple-option" capabilities.

EVANS TRACK WORK LEASING offers a wide

range of leasing plans designed to your exact needs.

You purchase the equipment, we provide the financing.

EVANS/R & R LEASING provides a complete range

of widely accepted maintenance-of-way equipment

for short term rental. Equipment reconditioned and

available for placement in operation by our experienced

field service engineers, when and where you need it.

EVANS/RTW manufactures and sells a line of

machines from grinders and gaugers—to adzers and

more sophisticated items such as cribbers, tie handlers

and skeletonizers. And we can provide specialized

selective contracting for major track rehabilitation.

Whatever your need, you'll find the Evans "triple-

option" approach gets the job done. Contact Walter

Kilrea, V.R Marketing, Engineered Products Division,

Evans Products Co., East Tower, 2550 Golf Rd., Rolling

Meadows, IL 60008. (312) 640-7750.

Q^i\ MAINTENANCE-OF-WAY OPERATIONS

evRnsiencineeRGD products Division
pnooucTS cofTvnnY / TRonsPORTfrnon SYST&ns £ /nousmaOL group



PROVEN PROTECTION!

I/2"

3/4'

WRITE - WIRE - PHONE

> ll» T

IP r

Four Fluted Steel Dowels

ANTI-SPLITTING AND LAMINATING
DEVICE FOR TIES AND OTHER

WOOD PRODUCTS

LENGTH AS SPECIFIED 1 1/8"

DOWELS CONFORM TO
ALL AGENCY SPECIFICATIONS

PO Box 6122 • Akron. Ohio 44312 • Area Code 216 733-8367

PRECISION MADE TWISTED STEEL
GIVE ADDED LIFE

IN EACH APPLICATION

ALL TYPES OF SERVICE
ONE MAKE OF CLIP
• Equally effective with wood, concrete, • Designed for mixed traffic conditions,

steel ties or non-ballasted track. high speed passenger, freight and transit

applications.

The 'Pandrol' brand rail clip— can be machine applied or easily installed with regular

track tools, has a minimum number of components, and requires virtually no

maintenance!

For more information, call (609)467-3227

V^^l^" " ^^ "^ " ^ The CUP
Pandrol Incorporated
Box 44 Bridgeport New Jersey 08014

Pandrol Canada Limited
8180 Cote de Liesse Road, Montreal. PO



Turn Your t
Rail and Track
Material Pr
Over...

To A&K
• You'll talk to a specialist. He'll

understand your questions, you'll

understand his answers.

• You'll deal with the largest supplier

of relaying rail and track material

in the United States. From the

commonplace to the obscure,

we have the supplies you need...

on hand.

• You'll get action. With their

24-hour-a-day communications

network and 38 storage yards

coast to coast, our national

operations team will get your

order moving. Fast.

ASK FOR OCJR FREE CATALOG, TODAY

ASK Railroad Materials, \m,
P.O. Box 30076

Salt Lake City, 07 84130
Call Toil-Free (800) 453-8812

TLX 389-406 A &KSLC



RAIL THREADER
A Universal rail threader for laying CWR,
grabs rails in any position and rolls the rail

upright. Zero ground clearance permits the

rail to be laid directly onto the plates. The
"Grab N' Thread" has four hardened self

aligning steel rollers that ride under the

head of the rail and require no support.

Heavy duty construction with replaceable

taper roller bearings. Safety latch locks

threader in closed position. The Grap N'

Thread was designed with special high

strength alloy steel rollers, that have a

hardened wear surface. We offer two dif-

ferent size rollers that are interchangeable.

One size fits rail up to 1 1 2 lb. , and the other

fits 112 lb. rail and larger.

The Grab N' Thread rollers are designed to wear approximately 5/16"

without damaging the roller bearings or allowing the rail to slip out.

^^S

131 lb. RAIL

NO ROLLER WEAR
112 1b. RAIL

MAX. ROLLER WEAR

MOST RAIL THREADERS ARE SCRAPED AFTER ONE OR TWO
YEARS. YOU DONT HAVE TO SCRAP THE GRAB N" THREAD, SEND
IT BACK TO OUR FACTORY AND WE'LL REBUILD IT, AND DO IT FOR
$500.00 LESS THAN YOU CAN BUY A NEW ONE FOR!

"ASK FOR THE GRAB N' THREAD
ITS BUILT RAILROAD TOUGH!"

Call or Write

/^ IT C Cd i [L iL [^ [| (^ y [P M d M If

CORPORATION

P.O. BOX 5763 TOLEDO, OHIO 43613
(419)255-7804



Manufacturers
Since 1938

The Original

HI-BALL

OIL BURNING SWITCH HEATER
BURNS 4 DAYS

MISSISSIPPI SUPPLY COMPANY
20-A Railway Exchange BIdg.,

61 1 Olive St.

St. Louis, Missouri 63101

Phone: Area Code 314 - 231-0930

xj

SEALTITE HOOK BOLT

Fastens timbers and ties to steel beams. Easy

to install, long-life. Fins prevent turning.

Spring lock holds tension.

SEALTITE SPRING LOCK

Maintains tension as timber

changes by weather or wear.

SEALTITE DOME HEAD DRIVE SPIKE

Fastens timbers and plank decking on grade crossings,

bridges and docks. Wide, smooth head seals opening,

wears well.

LEWIS WASHER HEAD TIMBER DRIVE SPIKE

Fastens highway crossing planks, bridge guard rails and
general timber construction. One-piece head. Easy to

install and remove.

ê BOLT & NUT COMPANY
504 MALCOLM AVE. S.E., MINNEAPOLIS, MINN. 55414



Bridges

Docks
Hump Yards

Track Work Earth Excavation

Coal Handling Rock Excavation

Facilities Pile Driving

THE HARDAWAY COMPANY
P. Box 1360. Columbus. Georgia 31902 (404)322-3274

Bruce Bird

Marketing Mgr.

Heavy Construction

Projects since 1891 . ..

p. 0. BOX 3575 / ST. PAUL. MINNESOTA 55165

Call 1-800-528-6050 Ext. 1593 I. 94

manufactured:

east coast midwest west coast

Square Eight Uni-Panels (Patented)

Hevi - Duty and X - Hevi - Duty

Non-Slip Epoxy Coated Steel Grade Crossings

Asso( i.irr Mentfx'r

Eft]
nTTTl

RRI
•• 1 IUaodaHow.lwc



"^luiVulcaBond

Patent No^ 3,201.046

. . .without

Lower Your Initial Cost-F P»'<^^niium cost

Lower Your Replacement Costs

This is the insulated rail joint that has proven itself in providing

years of service without costly maintenance or excessive track

downtime.

Its "Blue" insulating material is a specially formulated compound

highly resistant to deterioration from ultra-violet, ozone, weath-

ering, abrasion and the shock and flexing stresses of heavy rail

traffic. It is bonded securely to the rail joint including the bolt

holes, eliminating the need for insulating bushings. The result is a unitized structure virtually

immune to cold flow. Its electrical resistance is rated at 10,000 megohms to infinity. You'll find

"Blue" Vulca Bond Joints require less time to install. When replacing damaged welded rail or

adhesive type joints your track can be back in service much sooner with a Seneca "Blue ' Vulca

Bond Insulated Rail Joint . . . The proven dependable insulated joint.

WRITE FOR BROCHURES ON INSULATED
RAIL JOINTS AND TIE PLATES
Seneca's Insulated Tie Plates are a tough,
resilient rubber/fiber furnished with holes as
required for rail weights from 85# through 140#.

RAILROAD AND MINING, INC.

4701 CLEVELAND ROAD • HURON. OHIO 44839 • PHONE (41 9) 433-7666



Serving the railroad industry

with technology you can depend on.

Call on Teleweld for field-proven

rail maintenance systems: service

and equipment.

SERVICE Rebuilding of Frogs, Crossings.

Switches • Rail End Reclamation • CWR
Joint Repair • Thermite Welding

EQUIPMENT Rail Heaters • Rail Grinders •
Power Cars • TELEFLEX Equipment Cars
•CWR Heating Cars • CWR Cooling Cars •
SONIRAIL Flaw Detectors • Power Plants

• TELEBRINELLER Hardness Testers

Call or Write for new corporate booklet, showing

capabilities and product line. Details and

specifications of any service or equipment listed

also available.

TELEWELD, INC.
Dept. 11, 416 No. Park St., Streator, IL 61364
Phone: 81 5/672-4561 TWX: 510-359-0897

NOW OPEN— TELEWELD FIELD SERVICE
CENTER and WELDING SCHOOL
1555 Hawthorne Lane, West Chicago, IL 60185



our specialty. .

.

effective signs for the Railroad and
Transportation Industry . . . crossbucks

caution, depot & station, track, targets,

caboose markers, trade mark decals,

any standards, plus caution styles

that you may be considering . . .

we can make them ALL . . . and at

sensible, economical prices!

"Service so good . . . it's Better
than having your own sign shop!'

POWER PARTS ^(XiVi COMPANY
I860 North Wilmot Avenue • Chicago Illinois 60647 ^(312) 772-4600 • TWX 910 221-5507



Neoprene
Bridge Bearing
Pads

Meets A.R.E.A
specifications

Neoprene bearings
between bridge
girders, beams, and
abutments absorb
thermal expansion
and contraction
better than mechanical
assemblies.

Neoprene's resistance

to weather-aging,
compression set, oil,

and ozone insures a
long service life and
no maintenance in

this application.

Use Neoprene Bearing Pads for:

Elevated roads, Walk ways, Colu

• Accommodates thermal
movement

• Provides uniform load"

transfer

• Prevents structural fatigue
from expansion-contraction
and vibration-shock

• Available in hardness,
durometer A, grades 50, 60,
and 70

• Neoprene bearing pads
withstand temperatures from
-50° to +200° F.

• Durable and maintenance-free

• Isolates components of

bridges, building, or structures
against vibration, noise, and
shock

Rails, Bridge spans, Approach ramps,
mn to footing isolation.

HLC^ I manufacturing and supply co.

1848 Wllmot Avenue • Chicago. III. 60647
Phone: (312) 452-6480



the solution
todratten

TM

"Add years to the life of your
ties and timbers for a fraction of

their replacement cost." ACTUAL
SIZE

Would you pay a fraction of replacement costs to extend the

life of your timbers and ties? With replacement costs increas-

ing annually, Tie-Gard^" is the answer. Tie-Gard^" is the

clean way to treat, in-place. No spray — just insert Tie-Gard^"

cartridges into the unused spike holes or treatment holes

bored in critical stress areas. Tie-Gard^" preservatives are

absorbed into wood by osmotic action, spreading fungus

protection quickly and effectively.

FOR FREE SAMPLE OF
PRODUCT AND ADDITIONAL INFORMATION,

CALL TOLL FREE 1-800-356-5952

4546 Tompkins Drive
Madison, Wisconsin 53716
Phone 608-221-2292



THE HIXSON RAIL FASTENER
for

DRIVE-ON APPLICATIONS
OVER 2800 POUNDS LONGITUDINAL RESTRAINT

1

.

Wood Ties
Employs standard HIXSON clip of tough spring steel with cast steel base plate

that fastens to the wood tie with either track spikes or screw spikes. Base plate

has 1:40 cant. Clip designed with positive lock will not loosen — reduces

maintenance cost. Removed with Standard Track Tools by experienced track

person — making a vandalized proof track.

2. Concrete Ties.
Uses same clip systems as wood ties — but with cast steel concrete insert —
insulated or non-insulated.

3. Concrete or Steel Structures.
Same Spring clip system; resilient base pad fastens directly to the concrete or

steel structure. Spring rates from 80,000 lb/in. to 300,000 lb/in. can be
provided; excellent electrical and noise abatement properties.

Transit

The Hixson Rail Fastener is available exclusively from:

ProductsJnc.
846 Soulh Central Avenue • Atlanta. Georgia 30354 .USA

Telephone (404) 768-6060



Thetime-saving traclc

maiiitenancei<
Whether your track maintenance calls

for on or off track equipment, tough

equipment for large jobs.. .or tough

auxiliary equipment for small jobs.

Marmon Transmotive has a better way
In addition to our versatile performers

like the Switch Undercutter Tie Un-

loader and Yard Cleaner, Mamnon
offers the industry's finest Portable

Ramp for track machinery Together

they can make your maintenance

team a lot more efficient, because they

cut time, labor and operating costs.

TheMarmon J imbo Tie Unloader in-

creases speed and safety.

• Can be placed atop standard gon-

dolas of varying heights

• Places ties in any proximity from
the car

• Reloads ties or O.TM.
• One man operation

The Marmon Switch Undercutter

cleans turnouts in two passes.
• No advance excavation

• Casts material into rail cars, trucks,

or aside

• 14-foot under track cutter bar

• Rotates on a built-in turntable

• Can handle, and dump, air dump cars

The Marmon Yard Cleaner is rugged,

thorough and fast.

• Casts material into rail cars, trucks,

or aside

• Can handle, and dump, air dump cars

• Off-track capabilities

• Rail web sweeps optional

• Electric power for rotary functions

• Protected rear broom with long life

housing liners

The Marmon Portable Ramp elimin-

ates the need for cranes.

• Loading and unloading ramp for track

machinery
• 100,000 pound capacity

• 4-foot incremental lengths, plus or

minus 62 feet

• Erected or dismantled by two men —
no crane required

• Heavy wall rectangular tubing

• Weight, 7200 lbs. (b2' model)

Marmon Jimbo Tie Unloader

Marmon Switch Undercutter

Marmon Yard Cleaner

Marmon Portable Ramp

Railway Products Division

Marmon Transmotive.
A division of the Mannon Group, Inc.

RO. Box 1511. 3(Xn East

Governor John Sevier Highway

Kiiowille.Tennessee 37901

61.''v525-6224
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B. C. HAMMOCK
CONSTRUCTION CO
RAILROAD CONTRACTORS

SPECIALISTS FOR OVER 15 YEARS

• New Track Construction

• Repairing Old Tracks

• GenerallVlaintenance

• Site Preparation & Excavation

P.O. Box 577

Gray, GA 31 032

Phone: 743-0470



A COMPLEX
CROSSING

This119lb. R.E. rail

complex crossing, a crossing

within a crossing, is an example of the

highly technical engineering and
craftsmanship developed by Nelson Iron

Works to meet industrial railroad track

requirements.

We specialize in the manufacturing of

railroad track material, such as frogs, switches

and crossings.

Complete Trackwork Catalog available on
request— no obligation.

NELSON
mou wiroMucs. larc

Mailing address: P.O. Box 80816, Seattle, Wa. 98108
3423 Thirteenth Ave. S.W., Seattle, Wa. 98134
Telephone: (206) 623-3800



A DOZEN (and one) WAYS to

IMPROVE your M/w PROGRAM

THE NEW ONE'
TIESAVR

leumfvfcO'';' wood

PLUS A FULL SELECTION OF HYDRAULIC TOOLS " f " s f «

il'

racinB
RAILROAD PRODUCTS, INC.

M2i FREDERICK STREET RACINE WISCONSIN 5340-1

A



Largest Bearing Area—Optimum Holding Power
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AERODUCT AIR BRAKE HOSE
AAR Specification M-601A-68

AERODUCT meets or exceeds the current specs for

braided air brake hose with a performance comparable to

wrapped hose. AERODUCT has neoprene tube and cover
and polyester braid layers for strength and flexibility. Sizes
1 %" X 2 Braids x 22" (packed 50 pes. per carton) and 1 %" x
2 Braids x 60 Ft. (packed one per carton.)

For more information, call or write Thermoid Division,

H.K. Porter Company, Inc., Porter Building, Pittsburgh, PA
15219.

BBTER PRODUCTS BY DESIGN



THE RARE QUALITY OF SIMPLICITY
1 1

1

EVERY DAY 77.177- US. DRIVERS WAIT THEIR il'J^^
TURN TO DRIVE ACROSS THIS FABRACAST -^
RAILROAD/HIGHWAY GRADE CROSSING

YOU DONT HAVE TO WAIT TO HAVE '

FABRACAST IN YOUR CROSSINGS

FABRACAST — * ONE IN USA

Simply call: LOU' SZARKA
vice-president extraordinaire

write: SZARKA

•oil season traflic

count (ADT) is

38.000 vehicles

per day



How to bring
your weed
problem to a
screeching halt.

a
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man
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Call yoixr Ciba-Geigy railroad specialist.

You've counted on his experience in the past.

You can rely on his know-how again to develop the

right herbidde program for your needs. It'll mean
the end of the line for vour toughest weeds and
grasses. And the start of full-service field support

that doesn't let up just because the weeds do.

To put vou in touch with the railroad specialist

nearest you, call or write the Railroad and Indus-

trial Herbicide Sales Department, CIBA-GEIGY
Corporation, P.O. Box 11422, Greensboro,
NC 27409. Telephone: 919-292-7100.

^?i^^'''?^:^"^T>'^-^T- '^-^s^x^-s?

i^;!j<>!S^'^<j!^f>>;s^-^>^'"">>'?-^^^^

^ 19B1 Cit>a.Geigy Corporation

CIBA-GEIGYJ



railroad builders, inc.

Railroad Engineering, Construction

Rehabilitation, and Take-up

''By the foot or by the mile"

4039 South Santa Fe Drive

Englewood, Colo. 80110
303 761-1994

and
MAINTENANCE-OF-WAY
ACCESSORIES
Panel Track Lifters

Multi-rail Lifters

Rail Threaders—CWR or Jointed

Rail Tongs
Ditching and Brush Cutting

Equipment
Modernization and OSHA
Equipment Kits

BURRO
BURRO CRANE INC.
1300 S. Kilbourn Ave Chicago, ML 60623
312/521-9200

• Hi-Rail Telescoping

Boom-Type Excavators

• Hydraulic Excavator

—

Tractor-Type Crawler

• Hydraulic 40 & 55 Ton

Self-propelled Cranes

^Mt^yi^fi
CONSTRUCTION EQUIPMENT CO.

DIVISION OF BURRO BADGER CORP

1300 S. Kilbourn Ave Chicago. Ill 60623
312/521-9200



FULL-LINE
SUPPLIER
OF RAIL SIGNALING CONTROL SYSTEMS

For more than 75 years, GRS has been a world leader in the

design and manufacture of transportation control systems --

and equipment -- for every type of railroad. Here are a few

examples:

SYSTEMS

• Automatic train control

• Computer-controlled cTc

and NX interlocking

• Computer-controlled automatic

car classification

• Automatic train operation

• Coded track signal control

• Rail-highway crossing warning

• Cab signals/speed control

• Automatic block signaling

EQUIPMENT

• Electric switch machines

• Safety relays

• Wheel presence detectors

• Car retarders

• Color - light signals

• Highway crossing flashers

• Traffic control consoles

• Rectifiers and transmitters

• Hot journal detectors

• Electric switch locks

Plus many more. For more information about how we can

help you, see your GRS sales engineer or write for Bulletin 200.

(ef^^
GENERAL RAILNA/AY SIGNAL

A UNIT OF GENERAL SIGNAL
ROCHESTER NEW YORK 1^602



NABLA-
FORTAX

safety - durability - eoMioiny
selected by the French Railways for the new TGV high speed line and for its whole network, as well as by

other leading railways in the world. Outcome of 35 years of experience and 500 million elastic fastenings

in 50 countries. Specially developped for continuous welded rail on wood, concrete or metal ties.

STEDEF 1 1 7 bureaux da la Colllna - 9221 3 SAINT-CLOUD CEDEX
. France - T«l. (1 ) 602.70.B5 - T« : 200 888 F

' STEDEF INC. 7657 Leeeburg Pike Tyaon* Oftlce Park 1

4

FALLS CHURCH VA. 22043 U.S.A. - Tel. (703) 790-8777 Tk : 901 1 24



STM

THE VERSATILE TAMPER . .

.

Designed for today's busy work schedules,

this Tamper offers big tamper quality on a

smaller tamper frame. Driven by a Perkins

Diesel and a 3-speed hydraulically driven

transmission with chain drive to the alloy

steel axle, the STM tamper track travels at 30

MPH. By using Tamper's proven vibratory

squeeze method of tamping, it assures

uniform consolidation of ballast under the

tie. Working in tandem with our bigger tam-

pers, the STM produces quality track and

speeds tandem tamping operations by

decreasing the number of ties the main tam-

per tamps. As a tamper, the STM can handle

your tamping requirements.

SEE YOUR NEAREST TAMPER REPRESENTATIVE TODAY.

Tamper^^
2401 Edmund Road
West Columbia
South Carolina 29169
Tel. (803) 794-9160
Telex 573423



Another PLASSER Cost-Cutter
It's the Plasser Ballast Compactor PBC-800. Giving

you the instant track stability following out-of-face

operations.

Outside crib units compact ballast in adja-

cent cribs while vibrating plate compacts
ballast at tie ends.

Here's how the PBC 800 operates: Compacting units work in two adjacent cribs

simultaneously. Four units work in each crib, one inside and one outside each rail.

They apply a combination of pressure and vibration. Compaction of the ballast at

the tie ends is achieved by a vibrating blade 8 inches wide and more than 7 feet

long, which overlaps in successive positions, resulting in continuous compaction.

A static-loaded, non-vibrating shoulder blade retains ballast in the shoulder area.

The PBC is fully hydraulic, is one-man operated and works at high speed.

Plasser American
2001 MYERS ROAD, CHESAPEAKE. VIRGINIA 23324 (804) 543-3526

CORPORATION



We Have Some Concrete Ideas

For Better Railroad Ties

Here's one of the best deals to hit railroading since the diesel

engine.

Prestressed concrete crossties . . . from Santa Fe-Pomeroy.

Not only special to look at,

they also offer a boxcar full of

benefits. Near immunity to

weathering, fire and termites.

A life expectancy double that of

wood ties. Plus greatly reduced

maintenance costs.

Concrete crossties lessen

rolling resistance . . . help the

track retain its geometry. Trains

can run faster and safer . . . with

less fuel consumption.

They are Amtrack's choice

for renovating the high-speed

Northeast Corridor.

fl m -» -tjBa^ Santa Fe-Pomeroy has been

I
V m '^

'IHI making prestressed concrete

I: mi ^|B crossties since 1957.

\ wBB^^Si '^ y^" ^^"^ ^^ profit from the

\l V V^^^^ advantages of concrete cross-

ties, write or call today for detailed information. Our technical

staff will respond promptly to your inquiries.

Manufacturing plants in Massachusetts, Georgia and California

Santa Fe-Pomeroy, Inc.

A Subsidiary of Santa Fe International Corporation

500 Hopper St., Petaluma, California 94952 • (707)763-1918

The Santa Fe that works FOR the railroads



One complete service.

Lowest cost per mile.

* A complete, objective test

of each rail from end to end.

^ Simultaneous ultrasonic and
induction detection methods.

*Sperry far surpasses every other
rail testing service in efficiency,

thoroughness and research.

*One mileage charge pays
for everything.

*The lowest real cost per mile
and per defect found.

Details and technical assistance on request.

>l
AUTOMATION INDUSTRIES, INC.

SPERRY RAIL SERVICE DIVISION
SHELTER ROCK ROAD
DANBURY, CONNECTICUT 06810
(203)748-3581



New Insulated Gauge Rods
(PATENT PENDING)

(Models #334 & 734 below)

Stronger, yet less conductive.

Insulating joint stronger than steel.

Insulating components cannot deterioriate.

10 times insulating capacity of other models.

Universal — one size fits all sections.

^^

^^M-

Universal Non-Insulated Gauge Rods
(Models #3364 & 6473 above)

ir Offer the most competitive pricing.

^ Meet or exceed all RR requirements.

^ Uniquely "forged 'J' bend" insures

maximum strength

^ Quantity discounts available

on all models.'
6202 RAILROAD AVE OMAHA. NEBR. 68 1 07

CALL TOLL FREE 800-228-9 1 1 2

Comet Journal Bearing Lubricator
(RR #120 shown below)

The most efficient & economical Journal

Bearing Lubricator available.

Delivers grease in cold weather.

Sizes available to fit all refinery pails

or drums.

32 by 1 ounce
meter

Unconditionally

guaranteed

Portable

High pressure

Balanced action

Vacuum loaded

No Priming

EQUIPMENT
COMPANY. INC.

Successful In-TVack Thermite Welding
around the World for over 75 Years.

New track construction

Improving old trackage

Welding compromise joints

Why bolt? When you can have smooth
w/elded joints that are stronger than the

original rail? Our proven Calorite

process has been used around the world

since 1903 to reduce maintenance cost

on rails and rolling stock. Let us
show you how it works.

CALORITEJNC
506 W. Winthrop St. • Addison, III. 60101 (312) 543-8699



DIRECTORY OF CONSULTING ENGINEERS

FRANK R. WOOLFORD

Engineering Consultant—Railroads

24 Josepho Ave.

San Francisco, Co. 94132

(415) 587-1569

246 Seadrifl Rd.

Stinson Beach, Co. 95970

(415) 868-1555

FREDERICK A. KAHL
CONSULTANT

Lightning and Surge
Voltage Protection

Signals—Microwave

—

Power—Locomotives
P.O. BOX 58 805-969-5998

SUMMERLAND, CA. 93067

Sverdrup * Parcel
and Associates, Inc.

Railroads • Transit • Tunnels
Bridges • Electrification

• Design
• Planning
• Construction Management

Boston • Jacksonville • New York • Phoenii

S»n Francisco •Seattle • St Louis • Washington DC

® Colder Associates
CONSULTING GEOTEGHNK.AI
AND MINING ENGINEFR'.

10628 N E 38lh Place,

Kirkland. (Seattle).

Washington. 98033

DENVER
ATLANTA
EVANSVILLE
HOUSTON

Route selection, soil

and rock slopes,

tunnels, retaining

structures, bndge
foundations, landslide

control, groundwater

studies.

CANADA 'UK* AUSTRALASIA

BAKKE KOPP BALLOU* McFARLIN. INC.

CONSULTING ENGINEERS

Bridges

Special & Heavy Structures

Investigations & Reports

7505 WEST HIGHWAY SEVEN
ST LOUIS PARK, MINNESOTA 55426

1612)93} SaSO

Parsons Brinckerhoff CENTEC, Inc.

Railway Consultants

8200 Greensboro Drive

Suite 1000
McLean, Virginia 22102
703-442-7740

One Penn Plaza

New York, NY 10119
212-239-7900

30 National and International Offices

Joodkind
ODea,Inc.

ENGINEERS

PLANNERS

RAILROADS • RAIL FACILITIES • BRIDGES

PLANNING • DESIGN • INSPECTION

Clifton, N.J. New York^ N.Y.

Hamden, Conn.



DeLEUW
GATHER
De Leuw, Gather & Company
Engineers and Planners

1211 Connecticut Avenue, N.W.
Washington, DC. 20036
(202) 828-3800

Offices in Chicago and San Francisco

Railroads

Signals and Communications
Rehabilitation

Trackwork Design
Electrification

Main Line Facilities

Terminal and Maintenance
Facilities

(ftmftmmtmt '}*4U^€tuUmt (!»m4miUmf SfuiUt S<m€4 /94S

CONSULTING CIVIL ENaiNCIKS

OILLSBURG. PENNSYLVANIA 17019

TAMS ENGINEERS &
CONSULTANTS

PLANNING, DESIGN, INSPECTION
ENGINEERING MANAGEMENT

• Railroads & Mass Transit

• Bridges & Tunnels
• Transportation Planning

Tippetts-Abbett-McCarthy-Stratton
The TAMS Bldg., 655 Third Ave., N.Y., N.Y. 10017

Anchorage • Boston • Washington. D.C. • Seattle

TRANSPORTATION
PLANNING

and
ENGINEERING

for

RAILROADS
and

MASS TRANSIT

Cleveland • Akron 216/283-4000

Washington 202/872 '8720

^N DREWS CONSULTING

RAIL ft HIGHWAY SYSTEMS

PUBLIC WORKS FACILITIES

TRANSPORTATION ANO
URBAN DEVELOPMENT

STRUCTURAL EVALUATION ft DESIGN

CONSTRUCTION INSPECTION

306 East 63"* St

New York, NY 10021

212 - 838 -2800

Gateway On*
Nawark. N J 07102
201 823 - 3338

PITTSBURGH TESTING
LABORATORY

Serving Railroad Industries

since 1881

50 Laboratories

in Principal Cities

Headquarters: Pittsburgh, PA
(412)922-4000

Nationwide Inspection—Testing—Analysis

TRANSPORTATION CONSULTANTS
RAILROADS MOTOR CARRIERS PUBLIC TRANSIT INDUSTRIAL

•Operations • •\cqiiiMtions ;ind Mergers •Planning

• Valualions •Reorganizations •Financial

WYER, DICK & CO.
i\ Subsidiary of F.dwards and Keicey, Inc.)

Boston. Minneapolis, New York. Ptnladelphia

Central OfTice: 70 So. Orange ^ve,. LivinKslon. N.J. 07039
1 201 1 9<»4-34<>4



EDWARDS AND KELCEY
70 SOUTH ORANGE AVE. LIVINGSTON, N J 07039

PLANNING • ENVIRONMENTAL STUDIES
DESIGN •CONSTRUCTION MANAGEMENT

RAIL AND BUS TRANSITWAYS
RAILROADS, TERMINALS, TUNNELS
BRIDGES, PARKING, UTILITIES

Soilon •Mlnneopolii»N«w York • Phiiodelphio • Woshinglon, DC

Turner Collie^^Braden Inc.

AUSTIS



BERNARD JOHNSON INCORPORATED
E.N'C/N'EERS • ARCHITECTS • PLANNERS

lyackwork • Terminals • Railroad Relocation

Maintenance Facilities • Signalization

Bridges (Design. Rating, Rehabilitation!

Communication Systems • Systems Evaluation

Operations Analyses • Equipment Modernization

5050 U'ESTHEIMER • HOL'STON. TEXAS 7.7056

713/6221400

HOUSTON • WASHINGTON, D.C. • ATLANTA

HARDESTY & HANOVER
Consulting Engineers

BRIDGES — FIXED and MOVABLE

HIGHWAYS and RAILWAYS

SPECIAL STRUCTURES

Design, Inspection, Valuation

1501 Broadway New York. NY. 10036

Jersey City, N J.

Railroads • Ropid Transit

Electric Traction Power

Signals and Train Control

Communications • Substations

Operolions Analysis ond Simulation

Power Generation • Urban Planning

Gibbs a HiU, Inc.
ENGINEERS. DESIGNERS, CONSTRUCTORS
393 Seventh Avenue, New York, N.Y. 10001

A Subsidiary of Dravo Corporation

K-^ HARRINGTON & CORTELYOU, INC.

Consulting Engineers

1004 Baltimore, Kansas City, Mo. 64105
Telephone: 81 6-421 -«386

RAILWAY AND HIGHWAY

• FIXED AND MOVABLE BRIDGES •

• Condition Inspections

• Investigations & Reports
• Design, Construction Plans

• Contract Documents
• Construction Supervision

• Cost Negotiations

ALFRED BENESCH
& COMPANY
CONSULTING ENGINEERS

233 NORTH MICHIGAN AVENUE
CHICAGO, ILLINOIS 60601

Railroads^ Highways •— Airports

Bridgas— Buildings— Subways

Reports— Construction Obsorvotion

CONSULTING ENGINEERS
PLANNING
DESIGN
SUPERVISION

port development
bulk handling systems
offshope terminals

caiB) SSS 8700 S7S LEXINGTON AVE
telex 22^3959 NEW YORK NY100S2
'JSS'jyg CABLE bulkonsult

SANTIAGO SYDNEY

teet*
Engineers Architects Planners

Booker Associates, Inc.
1139 Olive Street

St. Louis, Missouri 63101

343 Waller Avenue
Lexington, Kentucky 40504

10905 Fort Washington Road

Fort Washington, Maryland 20022

THOMAS K. DYER, INC.

Consulting Engineers

Railroads Transit Systems

Track, Signals, Structures

Inveitigollont and Feotiblllty Rtports

Plonning , Oe»ign, ControcI Documents

1752 MoBSOchusetis Ave.iue

Lexington, Moss. 02173

(617) 862-2075
Washington, D.C. Chicago, III.

(202)466-7755 (312)663-1575



HAZELET & ERDAL

Consulting Engineers

Design Invesllgalions Reporti

Fixed and Movable Bridges

150 So. Wacker Dr., Chicago, til. 606M
UultvtlU anclnnari

ROBERT W. HUNT COMPANY
INSPECTION & LABORATORY TESTING SERVICES
Rail, Trackwork, Rolling Stock & Structural Inspection

Serving The Railroad Industry Worldwide

Since 1888

26 US Locations, 8 in Europe & UK
Headquaners: 810 S Clinton Street

Chicago, Illinois 60607
312 922-2872

Telex: 25-3176

STV ENGINEERS
Planning, Design,

Construction Management
SJy Engineers Member Firms Offices

Sanders & Thomas, Pottstown, PA
Seelye Stevenson Value & Knecht,

New York, NY. and in other maior cities

Gnllith Towers. Poltstown. PA 19464 (215) 326 4600

the southwestern railroad

construction co., Inc.

JIuedotMn
J

The Railroad People

Specializing in Route 3-8ox 1 86N

Railroad Construction Amarillo, Tx 79107

Maintenance (806) 383-9351

Consulting

trxk
* I • C C C I
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BOOTLEGGER CANYON
Near Moab, Utah

Railroad construction through ruggedly scenic areas in the United States is normally

associated with times long past, but recently-built lines have faced construction problems

involving scenic grandeur equal to any in the history of railway construction.

A primary example of this is the Denver & Rio Grande Western's Potash line, which is

36 miles long, located in southeastern Utah, and was constructed in 1962. It extends southward

from the railroad's mainline at Crescent Junction to and along the Canyon of the Colorado

River between Arches National Park and Canyonlands National Park. Its descent to the

Colorado River involves "side-hill' alignment using a cliff which is part of a fault. The cliff is

in full view from Arches National Park, which begins on the east side of the fault.

After going along the cliff, the track turns into a I'/z mile tunnel, emerging (Figure 1, next

page) into the small but extravagantly scenic Bootlegger Canyon (see cover and photo below),

which contains two natural arches. At the mouth of this canyon, the track turns along the

Colorado River through a spectacular larger canyon (Figure 2) lined with vertical rock faces

on both sides and gradually descends to run parallel with the river at the bottom of this canyon.

Figure 3 shows the train arriving near the southern end of the line. Trains are preceded by a

maintenance of way employee on a motor car (Figure 4), to check for fallen rocks.

The line is built with 112 lb. rail with four-hole joint bars, and it certainly indicates that

railway construction is possible in the most scenic and environmentally sensitive areas, and it

also shows that dramatic construction through scenic grandeur is a part of railroading's present

as well as its past.
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Figure 1 (above) Potash Line emerges from portal of tunnel into Bootlegger Canyon

Figure 2 (below) train along Colorado River River after emerging from Bootlegger

Canyon
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Figure 3 (above) train of empties arrives at southern end of line

Figure 4 (right) motor

car precedes train to

check for fallen rock



Effect of Increasing Axle Loads on Rail Fatigue Life

by Allan M. Zarembski*

EXECUTIVE SUMMARY

This report presents the results of an investigation into the effects of increasing axle loads

on the fatigue life of tangent, continuous welded rail (CWR). Two independent studies were

conducted. The first utilized a statistical analysis technique, which obtained probability distri-

bution curves for rail defect data. The second utilized a fatigue analysis methodology for the

prediction of rail service life. Both techniques, have shown good correlation between

calculated results and service experience.

For the first study, rail defect data was obtained from two mining railroads: one operating

lOO-ton car unit trains; the other 70-ton car unit trains. These were then compared with data

from both a "typical" mixed freight traffic railroad and from FAST (lOO-ton cars). For the

second study, a rail fatigue life model was used to calculate the rail life under loadings that

were representative of the same three types of operations.

The results of both analyses show that increasing the axle loadings results in increased rail

defect occurrences, with a corresponding decrease in rail fatigue life for tangent CWR. This

reduction is by about 40% of the life of the rail, in million gross tons (MGT), when the loading

is increased from 70-ton car (200,000 lb.)** to lOO-ton car (30^60(711? ) loading conditions. This

effect, which is seen for both heavy (132 lb.) and medium (119 lb.) rail sections is quite

significant, and must be taken into account in any future studies and economic analysis.
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INTRODUCTION

Increasing freight car axle loads have long been recognized as a major contributor to

increasing maintenance of way costs. However recently, the necessity of including all the costs

associated with the operation of heavy cars has led to the need to better understand the effect

of their operation on track life. In particular, the effect of increasing axle loads on rail life has

emerged as a key issue.

Rail life was historically determined by either end batter or head wear. However, with the

increasing use of continuous welded rail (CWR), which eliminates rail joints, and with in-

creasing traffic and wheel loads, the development of fatigue "defects" in the rail has emerged

as an important replacement criterion for mainline track. In fact, for mainline tangent track,

fatigue now appears to be the major replacement criterion for rail in service.'
*

'Present Position: Director of Research & Development. Pandrol. Inc.

Position when paper was written: Manager. Track Research. Association of American Railroads.

"This weight is the approximate average gross weight of the cars used by the D. M. & I. R. Ry. as referred to in this report.
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Recent studies have led to the development of various techniques for analyzing and

predicting the life of rail in track. For tangent, mainline (CWR) track, two major techniques

have emerged. The first technique involves the statistical analysis of rail defect data to obtain

probability distribution curves. '^ The second technique utilizes a fatigue analysis methodology

for the prediction of rail service life.'
' Both techniques have shown good correlation between

the calculated results and service experience.

In order to examine the effect of increasing axle loads on the service life of tangent,

continuous welded rail, both of these analytical techniques were used. To accomplish this, rail

defect data was obtained from various railroads operating equipment with different axle

loadings. In particular, two mining railroads, operating unit trains with different axle loads,

were studied and compared to a "typical" mixed traffic railroad. Concurrently, a rail fatigue

life model was utilized to calculate the rail life, under load spectra representative of the same

three types of operations. The results of these analyses are presented in this report.

RAIL DEFECT STUDY

Analysis of rail defe^Tl?ti»4|5^ shown that the probability of occurrence of rail defects,

as a function of tonnage (MGT),* follows a Weibull distribution. '""This means that rail defect

data, specifically cumulative defect data, can be shown to form a linear relationship with

accumulated MGT. when the defect probability is plotted against MGT on a Weibull scale

(Figure 1 ).

Since the rail defect probability (PD) is simply the cumulative number of defects found

in the test section, divided by the number of rails in the test section + 1 (e.g.. 271 rails per track

mile), and the rail usage is the accumulated tonnage (in MGT) at the time the defect was

found, rail defect data can be readily reduced to and displayed in the format shown in Figure

1.

In order to use this approach to examine the effect of axle loads on tangent CWR life,

rail defect data was obtained from two mining railroads utilizing different axle loads. The first

railroad, the Duluth, Missabe and Iron Range Railway Company (DM & IR), operates 7()-ton

car unit train traffic, in which 95% of the tonnage is carried in unit trains of either 178, 4(M) or

205,UOU lb. gross car weights. The rail defect data was taken from a thirteen mile stretch of

tangent track, laid in 1967 with 132 lb. CWR. As of 1980, the total tonnage over that track

was 304 MGT.

The second railroad, operated by the Quebec Cartier Mining company (OC), operates

l{X)-ton, 263, (MK) lb. gross car weight, unit trains. The rail defect data was taken from 51.5

miles of tangent track, laid in 1973 with 132 lb. CWR. As of 1980, the total tonnage over that

track was 162 MGT. The defect data, tonnage data and rail defect probabilities are presented

in Table 1, for the DM & IR Railway, and in Table 2, for the OC Mining Co. In both cases,

all rail defects, except for some early failures attributed to the welding plant, are included in

the tabulations. All of the rail studied was standard carbon, 132 lb. CWR.

Additional data were also available from published sources. These include mixed traffic

loadings of 136 lb. CWR, taken from the New Mexico Division of the Atchison. Topeka and

Santa Fe Railway Co. (Site No. 2. Reference') and shown in Tabic 3. The track had accumu-

lated 640 MGT by 1978. and consist of predominantly tangent track with a small percentage

of slight curves. Also included are data taken from the Facility for Accelerated Service Testing

(FAST) at Pueblo, Colorado. At FAST, a test train, consisting primarily of KKMon, 263.(KK)

lb. freight cars, is used to accumulate tonnage on the test track. A section of tangent, standard

'Million Gross Tons
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TABLE I. Rail Defect Data from the Duluth, Missabe and Iron Range Railway

MGT
13

37

61

88

109

130

155

182

202

222

237

261

284

304

ALL
DEFECTS

1

1

3

2

2

2

3

2

5

CUMULATIVE
DEFECTS (i)

1

5

7

9

11

14

16

21

PD*

().{)(K)3

U.UU06

0.0()14

().(K)20

().(K)26

().(K)31

().()()4()

().(K)43

().(K)6()

•PD = (——r). where n=3520 rails (13 miles)
n+ I

TABLE 2. Rail Defect Data from the Quebec Cartier Mining Co.

ALL
MGT DEFECTS

0.5 1

1 1

6 2

31 1

34 2

39 6

60 1

84 4

88 4

100 3

104 3

109 3

117 1

137 4

142 1

154 1

158 7

162 10

CUMULATIVE
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TABLE 3. Rail Defect Data from a Mixed Traffic Section (Santa Fe Site Number 1*)

MGT
85

90

200

247

336

342

348

412

432

440

451

463

477

512

528

530

550

560

575

605

615

640

CUMULATIVE
DEFECTS (i)

1

2

3

4

5

6

7

8

9

10

11

12

15

16

17

22

25

27

30

32

33

35

PD*

0.0002

0.0003

0.0005

0.0007

0.0008

0.0010

0.0012

0.0013

0.0015

0.0017

0.0018

0.0020

0.0025

0.0026

0.0028

0.0036

0.0041

0.0045

0.0050

0.0053

0.0055

0.0058

'PD = (—h-), where n = 6038 rails (22.3 miles)
n+ I

MGT
220

357

382

TABLE 4. Rail Defect Data from FAST Test Section 22*

ALL
DEFECTS

1

1

1

•PD = (—-r). where n = 100 rails
n+ 1

CUMULATIVE
DEFECTS (i)

1

2

3

PD*

0.01

0.02

0.03

carbon rail in Test Section 22 provided additional defect data on 136 lb. rail.'' shown in Table

4.

Using the Weibull curve plotting methodology, these four sets of rail defects are

presented in Figure 2. As can be readily seen, the Wiebull curve provides a good fit. except

for the very early failure points, which can be ignored for purposes of this analysis.^ Also both

sets of 100-ton car data (from Quebec Cartier and FAST), appear to fall on the same line, as

would be expected.
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In Figure 2, the heavy axle loadings show a more severe (to the left) occurrence of rail

defects. In particular, the 100-ton car unit train loadings are more severe than the 70-ton car

unit train loadings, which in turn are more severe than the mixed traffic loadings. Note that

the mixed traffic site represents an "average" dynamic wheel load of approximately 15 Kips,*

which would correspond to a gross car weight of 120,0(J(J lbs., significantly less than for the

70-ton unit train cars. Thus, data shows that increasing axle loads result in higher numbers of

defects for equivalent cumulative tonnages.

RAIL MODEL STUDY

Concurrent with the development of the rail defect probability approach, a second meth-

odology was developed for the analysis of the fatigue life of rail in service. This analysis is

based on calculation of the initiation time for a fatigue defect in a railhead on tangent CWR
track. By combining the traffic load characterization, calculated rail head stresses, material

properties of the rail steel and linear cumulative damage fatigue theory, it enables the user to

calculate the fatigue life of rail, for given types of service environments.'
"^

In order to examine independently the effect of axle loadings on rail fatigue life, the life

of rail subject to 100 and 70-ton car unit train operations and "typical" mixed freight type

operations was calculated.

This was done by means of a modified version of the Fatigue Life Analysis Program.' The

primary differences between the three cases were the input load spectra, which represented

the wheel-rail load environments experienced by the rail in track. Figure 3 shows the three

wheel-rail load spectra used in this analysis, presented in the form of cumulative probability

curves. The 100-ton car unit train data was taken from the Facility for Accelerated Service

Testing (FAST), where the vertical wheel loads were measured as the train, consisting of

100-ton cars, passed by. The 70-ton car unit train spectrum was obtained by scaling down the

100-ton spectrum by an appropriate ratio. The mixed freight load spectrum was obtained by

monitoring instrumented track sites on the Union Pacific Railroad.'

The resulting fatigue life, in MGT, for 136 lb. CWR is given in Table 5, together with the

ratios of the fatigue lives for three classes of traffic. It must be noted that the definition of rail

fatigue life, as defined by the analytical approach, is the point at which the absolute number

of defects and the rate of defect occurrence increases sharply.'
'^ Thus, while the calculated

values of the fatigue lives for the three cases may not always coincide with measured values,

the ratio of the calculated values, as given in Table 5, present a useful set of data for

comparative study. It can be readily seen that the heavy axle loadings decrease the fatigue life

of the rail.

•Based on the averaging of "typical" mixed freight traffic spectra, such as shown in Figure 3. This mix includes a small

percentage of l()(l-ton cars.

100-ton car

Unit Trains

70-ton car

Unit Trains

Mixed Freight

TABLE 5. Calculated Rail Fatigue Lives (136 lb Rail)

Fatigue Life, in

MGT (136 lb. Rail)

267

416

580

Ratio w.r.t.*

100-ton cars

1.0

1.56

2.17

Ratio w.r.t.*

70-ton cars

0.64

1.0

1.39

Ratio w.r.t.*

Mixed Freight

0.46

0.72

1.0

*with respect to



Paper by Allen M. Zarembski 139

001

aos

ai

aa

as

I

2

9

z
hi

^ 20 l^
a.

> 30
t-

5
§ 50

§ 60
a
1^ 70

^ 60

s
O 90

95

96

99

99.8

99.9

9a99



140 Bulletin 685—American Railway Engineering Association

RESULTS

In analyzing the results, using both the defect cumulative probability approach and the

fatigue analysis methodology, it is quite apparent that increased axle loadings result in an

increased incidence of rail defect occurrences, with a corresponding decrease in the fatigue life

of tangent CWR.

This is quite evident from Table 5, where the life of rail under KXJ-ton cars, as currently

designed, is calculated to be about 64% of the life of rail under 70-ton cars. Furthermore,

according to this analysis, even the 70-ton car unit train traffic results in a significantly shorter

rail life than that normally experienced by "typical" mixed freight traffic. In this case, the rail

life is reduced to 70% of the corresponding value for mixed traffic, while the l(K)-ton car unit

train traffic reduced the rail life to only 46% of the corresponding value for mixed freight

traffic. These represent significant reductions in rail life.

These figures are fimly supported by the separate analysis of rail defect data, using the

cumulative probability approach. These results, which were presented in Figure 2, show that

increased axle loads shift the cumulative defect (PD) curves, with the earlier and more severe

occurrence of defects corresponding to the heavier axle loads. In order to obtain correspond-

ing ratios of rail life for these analyses, the 0.004 PD point, which corresponds to a cumulative

defect occurrence of one per mile, was examined. It should be further noted that this 0.(K)4

PD point corresponds approximately to the fatigue life value calculated by the fatigue analysis

methodology.^ Thus, it is an appropriate point on the PD curve to compare with the fatigue

calculations. Examination of the defect data in Figure 2 (Tables 1-4) shows that the 0.(XJ4 PD
point occurred as follows:

100-ton car Unit Train (OC) 162 MGT
70-ton car Unit Train (DMIR) 261 MGT
Mixed Traffic (SF # 1 ) 550 MGT

Thus, the life (0.004 PD point) of rail under KMJ-ton cars is 62% of the life of rail under

70-ton cars. Similarly, it is seen that the life (0.(K)4 PD point) of rail under 70-ton cars is about

half of the life of rail under mixed freight traffic.

In both analyses, the calculated fatigue life of rail in tangent CWR track was reduced by

about 40% when the axle loadings were increased from 70-ton cars to l(K)-ton cars.

This effect is further supported by the consensus of the General Committee of the

Engineering Division of the AAR'' (see Appendix), where the general rule-of-thumb is: "The

life of continuous welded rail on tangent track, measured in MGT, under 263,(K)0 lb.

(100-ton)* cars is approximately % (62.5% )* of the corresponding rail life under 220,000 lb.

(70-ton)* cars." Finally, additional studies on the effects of very heavy axle loadings, e.g..

125-ton cars," also show that there is a significant decrease in rail life. This can be clearly seen

in Figure 4, where the percentage failure of the rail defects ( KK) x PD) is plotted on a Weibull

curve for both 125-ton car unit train traffic (Waynesburg Southern) and for mixed traffic

(Santa Fe Site #2).^ " This shows that lighter rail sections, such as 1 19 lb. rail, are subject to

the same significant effect of axle loading on rail life.

Thus, it may be concluded that an increase in axle loading will result in a decrease in rail

fatigue life, measured in terms of cumulative tonnage, and this reduction appears to occur for

both heavy and lighter rail sections.

When the axle loading is increased from 27.5 to 3.'^ tons, corresponding to an increase

from 70 to 100-ton cars, the resulting decrease in rail life is approximately 40% , This effect

'author's parentheses
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is quite significant, and must be taken into account in any future studies and economic

analyses.

While measures can be taken to increase rail life, such as increasing rail section size,

improving material properties, or by reducing stresses on rail by the use of dynamically more

stable cars, these measures do entail increased costs. Even so, the extent of these

improvements is still not fully defined.
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APPENDIX

RESOLUTION'

The General Committee of the Engineering Division of the AAR, meeting on March 22,

1981. and in response to the Cost and Analysis Organization of the Economics and Finance

Department of the AAR, offers the opinion below. This opinion is based on the practical

experience, with presently in-use equipment, of those on the Committee. It in no way implies

that a 263,000 lb. or heavier car may not be an optimum gross weight on four axles from an

overall railroad standpoint. The optimum axle load for any particular situation is subject to

the analysis of the individual details of that situation. Much heavier cars than 263.(KK) lb. on

four axles have been and are safely operated under various conditions. As more physical data

are developed, these statements may change.

Keeping in mind the above statements, the following is offered as a general rule of thumb,

regarding maintenance of way costs alone:

The life of continuous welded rail on tangent track measured in MGT under 263,0(K) lb.

cars is approximately % of rail life under 220.000 lb. cars. The other variable maintenance of

way costs, per MGT. will be increased 20% for 263,000 lb. cars vs. 220, (KM) lb. cars on heavy

duty track in good condition. This percentage will increase as the condition of a given track

decreases, and on poor track, the cost of maintenance may be several times higher for 263,000

lb. cars than for 220,000 lb. cars.
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MANUAL RECOMMENDATION
COMMITTEE 1—ROADWAY & BALLAST

PARTS
TUNNELS

8 SPECIFICATIONS FOR TUNNEL CONSTRUCTION'

{These specifications are to be used in connection with the appropriate Construction Agree-

ment)

8.1 SCOPE

These specifications cover the general design and construction of single or double track

railroad tunnels.

8.2 DESIGN

8.2.1. Preliminary Investigations

Preliminary investigations shall include field surveys showing physical features, en-

croachments, core borings, geological formations, ground water conditions, faults, hardness

of rock to be encountered, together with any pertinent special features and available data on

existing tunnels in similar formations. More detailed information shall be acquired from

measurements of load cells, extensometers, water metering devices, etc. , installed in a pioneer

bore.

8.2.2. Interior Dimensions

The interior dimensions of the clear space provided for single or double track tunnels shall

not at any point be less than those recommended in Part 2, Chapter 28, of the AREA Manual

(see Figure 1). For tunnels located on curves, additional clearances must be provided for

overhang and tilting from super elevation. Where legal requirements are greater than those

listed, the former shall govern.

Where tunnels are to be lined, dimensions must be increased to provide that such lining

does not encroach within the clearances described above.

8.3. CONSTRUCTION

8.3.1. Special Provisions

8.3.1.1. Safety

Safety shall be of prime importance in the performance of all work under this contract.

The contractor shall maintain an effective safety program at all times, observing the applicable

portions of the "Manual of Accident Prevention in Construction" issued by the AGC of

America and local, state and Federal regulations.

The contractor shall keep records of any or all injuries resulting from the performance of

his operations under this contract causing lost time or medical attention and submit same to

the engineer.

8.3.1.2. Storage and Use of Explosives

The transportation, storage and use of explosives shall conform strictly to the require-

ments of local, state and/or federal explosives laws and regulations applicable to tunnel or

mine safety laws.

147
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8.3.1.3. Flammable Material

Oil or other flammable material shall be stored in conformance with governmental

regulations, standard safety codes and as directed by the engineer.

8.3.1.4. Fire Prevention

The contractor shall maintain adequate fire protection equipment, with employees

trained in the use of such equipment on duty at all times that work is going on. Where

required, the equipment and fire prevention program shall conform to applicable local, state

or federal regulations.

8.3.1.5. Ventilation

The contractor shall install, maintain and operate such ventilating system as is necessary

to quickly remove all gases and dust from blasting and other causes, and to maintain an air

quality standard required by prevailing regulations.

8.3.1.6. Lighting and Power Supply

The contractor shall install, maintain and operate a lighting and power supply system

adequate to insure proper work and inspection. The conductors shall be adequately supported

and/or securely fastened to the tunnel wall. All materials shall be NEMA approved: installa-

tion and workmanship shall be in accordance with NEC.

8.3.1.7. Drainage

The contractor shall maintain adequate drainage facilities during construction, either by

gravity flow or pumping. Disposal of such drainage shall not cause damage to adjacent

property.

8.3.1.8. Temporary Supports

The contractor shall furnish and install such temporary supports as may be necessary to

support the excavation and protect the workmen and the operations. At the completion of the

work, or as permanent supports are installed, the contractor shall remove and dispose of these

temporary supports as directed by the engineer.

8.3.2. Excavation

8.3.2.1. General

8.3.2.1.1. Tunnel excavation shall include but not be limited to, the loosening, loading,

hauling and disposing of all material of whatever nature encountered from the interior of

tunnel. These materials are the property of the company and shall be disposed of as shown on

the plans, supplementary special provisions, and/or as directed by the engineer.

8.3.2.1.2. Before any excavation is begun, the contractor shall submit to the engineer

his procedural plans, including detail drawings where necessary for progressing the exca-

vation. In soft ground or unstable rock the plans shall include method of supporting the roof

and walls. For drill and blast operations, the plans shall include the drill pattern and temporary

supports, and necessary monitoring as needed to insure protection of adjacent properties. No

work shall begin until plans have been approved by the engineer.

8.3.2.1.3. The "A" line shown on the typical section (Fig. I) and described in Sec. 1.8.2

of these specifications is the line within which no unexcavated material and no tunnel supports

will be permitted to remain. The "B" line is the line to which payments of tunnel excavation

will be made. Generally, the "B" line shall be the same as the "A" line in unlined sections
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and shall be increased concentrically to the "A" line to provide sufficient space for permanent

supports and/or lining in other sections.

8.3.2.1.4. Excavation outside the "B" line as required for refuge niches, adits or shafts

shown on the plans or called for by the engineer will be paid for at the specified price per cubic

yard.

8.3.2.1.5. The contractor shall use every precaution to avoid loosening material outside

the "B" line. Drilling and blasting shall be performed in such a manner as to minimize the

material outside the "B" line from being shattered, displaced or caused to cave. Damage to

any part of the work, or work done under separate contract within the limits of this contract,

caused by the operation of the contractor shall be repaired at his expense.

8.3.2.1.6. All material within the "B" line, and all loose, disintegrated or shattered rock

and any rock that might fall or settle, thereby endangering the safety of the workmen,

regardless of its location shall be removed as the work progresses.

8.3.2.2. Additional Excavation

8.3.2.2.1. Should the contractor desire to make an enlargement in the tunnel excavation

outside the "B" line for his own construction convenience, he shall submit his plans for the

enlargement to the engineer for approval. No payment will be made for such enlargement

outside the "B" line and full compensation shall be considered as included with the contract

price.

8.3.2.3. Cut-and-Cover Method

The contractor will be permitted to use the cut-and-cover method for construction of

portions of the tunnel around the portals or in areas with shallow covering. If he elects to use

this method, he shall submit plans covering all phases of the work to be done or affected by

this method to the engineer for approval before proceeding with the work. The contractor

shall restore all property, slopes and ground surfaces to finished lines and grades. Slopes and

surfaces shall be restored and maintained by depositing, spreading and compacting material

in conformance with the provisions of Part 1, Chapter 1, of the AREA Manual, except that

material adjacent to the tunnel walls shall be free draining and placed in horizontal layers not

exceeding 12 inches in thickness. At no time will the fill on one side of the tunnel exceed that

on the other by more than 4 feet in height. Heavy equipment shall not be permitted on top

of the tunnel until the fill has reached a height of 12 feet over the top of the arch, or as directed

by the engineer.

8.3.2.4. Subgrade and Sub-ballast

The finished subgrade shall be covered with a sub-ballast composed of crushed rock or

other suitable material as approved by the Engineer. It shall be so placed that all high points

in the tunnel floor are covered with a minimum of 4 inches of sub-ballast. The sub-ballast shall

be compacted and finished to true line, grade and cross section suitable for ballasting and track

laying. Filter fabric shall be placed between the sub-ballast and subgrade. if required. Side

ditches and subdrains shall be provided as required.

8.4 Measurement and Payment

8.4.1. The quantity of tunnel excavation to be paid for will be to the "B" line on typical

sections and between vertical planes located at each end of the tunnel where the back face of

the portal wall intersects the grade line. If there are no portal walls, the length of the tunnel

shall be determined by the length of roof as constructed, measured on the center line of the
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tunnel. Payment for tunnel excavation will be made to the "B" line regardless of overbreak,

slips and slides which may have enlarged the excavation.

8.4.2. Quantities will be computed by means of end areas and distances between these

areas. The price per cubic yard of tunnel excavation shall include full compensation for

furnishing all labor, materials, tools, equipment and incidentals and doing all work involved

in excavating, loading, hauling, including overhaul, depositing, spreading, compacting and

dressing all materials as shown on the plans and called for in these specifications and including

all overbreak, slips and slides; for all haul roads, bridges and cable ways, for the installation

and removal of all temporary tunnel supports; for all lighting, ventilating, pumping, safety

provisions; and for all other work called for, or reasonably implied by, the plans and specifi-

cations.

(The following are not a part of these technical specifications but are guidelines for the

subjects indicated.)

8.5. Lining

8.5.1. Specifications for concrete lining for new or existing tunnels are covered in

Chapter 8, Part 11, of the AREA Manual.

8.5.2. The design of structural steel linings for tunnels is a problem peculiar to each

individual tunnel and will be determined by such conditions as overburden pressure, type of

ground or rock, size and depth of tunnel, method of driving and support from the excavated

opening.

8.6. Ventilation

8.6.1. Mechanical ventilation for train operation in tunnels is an individual problem

which must be analyzed for each location. Generally, it will not be required in tunnels less than

2,50() feet long. In longer tunnels, requirements will depend upon such conditions as type of

locomotives, grades, length of train, speed, time between trains, ambient temperatures,

prevailing winds and drafts.

8.6.2. In marginal cases, overheating of locomotives may be reduced by radiator sprays

and/or placing a curtain at the departure end of the tunnel which will increase pressure within

the tunnel and the amount of air moving through the radiator. In very long tunnels, fan

installations will be required to prevent overheating and to remove smoke and gasses.

8.7 Increasing Clearances in Existing Tunnels

8.7.1. Genera!

Increasing the clearance in an existing tunnel is a problem for each individual tunnel and

cannot be covered by fixed specifications. Following are recommended guidelines for selecting

methods to be used for developing procedural plans. Any study for increasing the clearance

of a tunnel should include but not be limited to the following:

8.7.2. Situation in Vicinity of Tunnel

8.7.2.1. Right of way

8.7.2.2. Accessibility

8.7.2.3. Areas available for working space

8.7.2.4. Utility lines
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8.7.2.5. Public roads

8.7.2.6. Availability of waste disposal areas

8.7.3. Existing Conditions at Tunnel

8.7.3.1. Dimensions

8.7.3.2. Drainage

8.7.3.3. Ballast depth

8.7.3.4. Construction and condition of lining, if any

8.7.3.5. Condition of floor, walls and roof

8.7.3.6. Geological conditions

8.7.4. Available Work Time

8.7.4.1. Density of Traffic

8.7.4.2. Train schedules and movements

8.7.4.3. Net working time available in any eight-hour shift

8.7.4.4. Rescheduling or respacing trains for more available time

8.7.5. Possible or Feasible Solutions

8.7.5.1. Lower tunnel floor

8.7.5.2. Trim out roof and/or sidewalls

8.7.5.3. Open cut on existing line

8.7.5.4. Open cut on relocated line

8.7.5.5. Construct new tunnel on relocated line

8.7.5.6. Install gauntlet (in double track tunnel)

'References, Vol. 15. 1914. p. 399: Vol. .36. 19.3.S. pp 304. 10.34; Vol 37, 19.36. pp 146. 9.';2. Vol .39, 19.38. pp. .3.33, 788:

Vol. 4(1, 19.39. pp. .S31. 729; Vol 42. 1941. pp .S66. 831; Vol. 5\. ]')${). pp. 708, 8.39: Vol. .S4, 19.S3. pp. 109(1, 1.385: Vol. 63,

1962. pp. 579, 749: Vol. 67, 1966, pp. 5.33. 740; Vol. 71. 1970. p. 108.
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Abscission

Natural separation of fruit, leaves or stem from a plant.

Absorption

Pesticide entrance into plant, animal or soil.

Accumulative Pesticide

Those chemicals which tend to build up in animals or the environment.

Acid Equivalent

The amount of active ingredient in a herbicide expressed in terms of the parent acid.

Acre

Along railroad right-of-way, approximately 8 ft. wide by 1 mile long (actually 8 ft. 3 in.

wide).

Activate

To cause the herbicide to have toxic effects upon plants, usually done by rainfall or

mechanical incorporation carrying the herbicide into the soil solution where it is available

for root absorption.

Active Ingredient

The chemicals in a product that are responsible for killing the plant.

Activator

A chemical added to a pesticide to increase its activity.

Acute Oral Toxicity LDso

In toxicity studies, it is the dosage required to kill 50% of the test animals when given a

single dosage by mouth. The dose is represented by the weight of the chemical per unit of

the body weight.

Low LD,„ = More than 5.(XXJ Mg/Kg
Moderate LD,„ = 5(K) to 5.(MK) Mg/Kg

Moderately High LDs„ = 50 to 500 Mg/Kg

Highly Toxic LDs,i = Less than 50 Mg/Kg

The lower the LD^i value, the greater the toxicity

Mg/Kg = Milligram/Kilogram = 1 part per million (PPM)

.0001% = .013 ounces in 100 gallons of water

Adjuvants

Products combined with sprayed materials to act as wetting or spreading agents, stickers,

penetrants, emulsifiers, etc., aiding in the action of the toxic materials.

Adsorption

The adhesion by dissolved or suspended material to the surface of a solid (the soil micelle

or organic matter).

Adulterated

Any pesticide whose strength or purity falls below the quality stated on its label. Also, a

food, feed or product that contains illegal pesticide residues.

Aerosol

An extremely fine mist of fog consisting of solid or liquid particles suspended in air. Also,

certain formulation used to produce a fine mist.

Agitation

The process of stirring or mixing in a sprayer.

153
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Amine

An organic compound containing hydrogen derived from ammonia by replacing one or

more hydrogen atoms by as many hydrocarbon radicals.

Amine Salt

An amine salt is prepared by the neutralization of 2, 4-D or similar compounds with an

amine. These are usually liquid formulations.

Annual

A plant that completes its life cycle from seed in one year. Examples: Foxtail, Kochia,

Crabgrass, Sandbur, Common Ragweed.

Antagonism

The loss of activity of a chemical when exposed to another chemical.

Antidote

A practical treatment for poisoning, including first aid.

Aquatic

A plant that grows in water.

Aqueous

A term used to indicate the presence of water in a solution.

Arsenicals

Pesticides containing arsenic.

Band Application

A treated strip extending a few inches on each side of a guardrail or similar structure.

Basal Treatment

An application to the stems of plants at and just above the ground line and including

application to root collar and exposed roots.

Biennial

A plant that completes its life cycle in two years. The first year, it produces leaves and

stores food; the second year, it produces flowers and seeds. Examples: Wild Carrot,

Common Mullein, Poison Hemlock and Henbit.

Broad Leaf Weeds

Generally dicotyledenous plants having nedding-veined leaves with a distinct blade and

petiole and with cambium and phloem near the circumference of the stem. Plants with

broad, usually compound leaves; mostly growing 1 to 3 feet but some species such as giant

ragweed can reach 12 feet. In general, opposed to grass-like plants.

Blanket or Broadcast Application

An application of spray over an entire area, roadbed or brush control.

Brush

Woody plants growing where they are not wanted.

Brush Acre

A solid acre of brush of varying height, generally 8 to 10 feet.

Brush Control

Control of low-growing herbaceous and woody plants, by either mechancial or chemical

means.
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Carcinogenic

Can cause cancer.

Carrier

The liquid or solid material added to a chemical compound to facilitate its application.

Chlorosis

Chemical plant injury evidenced by whitening or yellowing of the foliage.

Chronic Toxicity

Prolonged illness caused by a toxin; it may be mild or eventually fatal, depending on the

amount of material absorbed.

Note: Chronic toxicity may be caused by a single dose or by repeated doses, depending

mainly on what compound is involved.

Common Chemical Name
A well-known, simple name of a herbicide accepted by the Pesticide Regulation Division

of the Environmental Protection Agency.

Compatible

When two or more chemicals can be mixed without affecting each other's properties or

harming the target, they are said to be compatible.

Concentration

The amount of active ingregient or acid equivalent in a given volume or liquid, or in a given

weight of dry material.

Contact Herbicide

A herbicide that kills primarily by contact with plant tissues, rather than as a result of

translocation.

Contaminate

To make impure or to pollute.

Crown

The point where stem and root join in a seed plant.

Deciduous

Having leaves which fall off seasonably, usually in autumn.

Defoliant

A compound which causes the leaves or foliage to drop from the plant.

Degradation

The process by which a chemical is broken down in the soil.

Delayed Action

As opposed to immediate effect. With some hcrbicidal chemicals delayed response is

expected. Considerable time may elapse before maximum effects can be observed.

Dermal

Of the skin, through or by the skin.

Dermal Toxicity

Ability of a chemical to cause injury when absorbed through the skin.

Disiccant

A compound that promotes dehydration of plant tissue.
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Diluent

Any liquid or solid material serving to dilute or carry an active ingredient.

Dilute

To make a pesticide thinner or weaker by adding a diluent, water, oil or other materials;

to "water-down".

Directed Application

Applying of a pesticide to a restricted area, such as a basal brush spray.

Dormant Spray

Applied before treated plants have started active growth.

Dosage

Amount of active ingredient or formulated product per acre.

Drift

Airborne movement of small particles of spray solution to areas outside of the spray

pattern during application.

Emergence

Refers to the time when the first leaves of the plant appear above the soil surface.

Emulsifiable Concentrate (EC)

A formulation produced by dissolving the toxicant and an emulsifying agent in an organic

solvent. The mixture can then be sprayed with either water or oil as a diluent.

Emulsifying Agent

A surface active material which facilitates the suspension of liquid in another.

Emulsion

The suspension of one liquid as minute globules in another for example, oil dispersed in

water.

EPA
Environmental Protection Agency.

Epinasty

Distortion of stems and leaves from sublethal herbicide application, drift or volatility.

Eradication

Complete elimination of a living organism from a specified area.

Ester

An ester is a combination of inorganic acids such as 2, 4-D and an alcohol.

Extenders

A material added to a herbicide formulation to extend its activity. This usually results in

quicker activity and a broader range of activity. Example: Oil added to foliage sprays.

Flagging

Sparse, living foliage remaining on partially killed stems, normally with chlorosis or

epinasty effects.

Foliage

Leaf area of plant.

Foliar Application

Pesticides which are applied to the stems, leaves, needles or blades of a plant.
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Frill Application

Cutting continous splits around a tree and filling them with chemicals.

Germination

Process of beginning vegetation growth, often referring to the beginning of growth from

a seed.

Granules

Pesticide formulation in which the active ingredient is impregnated on small particles of

clay, corn cob, wheat stalk or other carrier.

Grasses

Plants characterized by narrow leaves with parallel veins, by leaves composed of blade,

sheath and ligule and by jointed stems and fibrous roots.

Ground Foliage Application

Spraying woody plants with water or emulsions using sprayers mounted on trucks or other

ground equipment.

Growth Regulator

An organic substance effective in minute amounts for controlling or modifying plant

processes.

Herbaceous Plants

A vascular plant that does not develop woody tissue.

Herbicide

Chemical for control of undesired vegetation.

Hormone

A plant growth regulator, usually a phenoxy-type chemical.

Humidity

Refers to the moisture in the air. Weed killers often are more effective under moderately

humid conditions.

Inhibit

To hold in check or stop, i.e., to check or stop seed germination or plant growth with

herbicides.

Invert Emulsions

One in which the water is dispersed in oil rather than oil in water. Oil forms the continuous

phase with water dispersed forming the discontinuous phase. Usually a thick mayonnaise-

like mixture.

Kg
The abbreviation for Kilogram (metric) weight equivalent to 1 ,00() grams or approximately

2.20 pounds.

Label

All written, printed or graphic matter on or attached to the pesticide or the immediate

container.

LCso

The concentration of an active ingredient in air which is expected to cause death to 50%
of test animals so treated.

LDso

The dose of an active material taken orallv or absorbed bv the skin.
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Leaching

Downward movement of a material in a solution through the soil.

Leaf Kill

Leaves dead, withered and brown.

Mg
The abbreviation for milligram— 1/1000 of a gram.

Miscible Liquids

Two or more liquids that can be mixed and will remain mixed under normal conditions.

Modified Basal

Using an oil-water emulsion to spray bottom four-fifths of plant with emphasis on stems

rather than foliage.

Monocotyledon

A plant having a single cotyledon or seed leaf. Includes most grass plants.

Necrosis

Localized death of living tissue such as the death of a certain area of a leaf.

Necrotic

Showing varying degrees of dead areas or spots.

Nonselective Herbicide

Chemical formulations which destroy or prevent life in general without regard to species.

Oil Soluble Amine

An amine formulation that will dissolve in oil or emulify in water.

Oral Toxicity

The degree of toxicity of a compound when it is ingested through the mouth.

Orifice

An opening or hole in a spray nozzle.

Pelleted

A type of formulation for dry application consisting of pellets of active herbicides or of

inert material containing a herbicide.

Perennial

A plant that continues to live from year to year.

Phloem

A live conducting tissue in the plant which usually takes manufactured food from the leaves

downward.

Photodecomposition

Destroyed by light.

Photosynthesis

A process by which carbohydrates are formed in the chlorophyll containing tissues of

plants exposed to light.

Phytotoxic

Poisonous to plants.

Pollutant

An agent or chemical that makes another substance impure or dirty.
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Post Emergence TVeatment

Treatment after plants emerge.

PPB
Part per billion. 1 pound in 500,000 tons.

PPM
Part per million. 1 pound in 500 tons.

Pre-Emergence Treatment

Treatment before plants emerge.

PSI

Pounds per sqare inch.

Pubescent

Hairy pubescence affects the ease of wetting of foliage and also retention of spray on

foliage.

Rate

The amount of active ingredient or acid equivalent of a herbicide applied to a unit area.

Rating

The degree of control obtained expressed numerically.

Registered Use

The EPA registers the use of pesticide rates and times of application.

Residual

To have a continued killing effect over a period of time.

Resistance

The ability of an organism to suppress or retard the injurious effects of a material.

Resurge

Any new growth of woody brush following partial or complete topkill; a composite term

used when sprouting, suckermg and reseeding are all involved.

Rhizome

An elongated, underground stem from which a new plant can develop.

Root Collar

Transition zone between stem and root.

Root Kill

Root system completely dead.

Root Suckering

Sprouts from roots which extend laterally from root collar.

Safener

A chemical added to a pesticide to keep it from injuring plants.

Salt

The compound formed when acid is reacted with a metal.

Selective Herbicide

A herbicide that will kill some plants species when applied to a mixed population without

serious injury to the other species.
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Sensitive

A plant not capable of withstanding herbicidal effect.

Soil Application

Application of chemical to the soil surface rather than to vegetation.

Soil Persistence

Refers to length of time that a herbicide application to the soil remains phytotoxic.

Soil Sterilant

A herbicide that prevents the growth of plants when applied to the soil.

Soluble

Will dissolve in a liquid.

Solution

A preparation made by dissolving a material in another substance, usually water. Once

solutions are formed, they tend to be stable as opposed to emulsions, which will settle-out.

Solvent

A liquid which will dissolve a substance to form a solution.

Species

A subdivision of a genus. A group of closely related plants descendent from the same

stock.

Spot Treatment

Application limited to only a small restricted area of infestation.

Spray Drift

The movement of airborne spray particles from the intended area of application.

Spreader

A chemical which increases the area that a given volume of liquid will cover on plants.

Stem

That part of the plant above ground which supports leaves, flowers and fruit.

Sticker

A compound which, when added to spray solutions, makes it adhere better to a surface.

Stolon

An above-ground stem or runner on many perennial plants which is adapted to re-

production by developing roots at the tips or at the nodes.

Stunting

In relation to weeds or crop plants, usually refers to a retarding effect on growth and

development, often stunting of weeds or grasses, even without kill, may give effective

commercial control.

Suckering

Sprouts arising from roots or underground stems.

Summer Annuals

Plants which germinate in the spring, make most of their growth in the summer and die in

the fall.

Surfactant

Surface active agent used for more uniform coverage of the herbicide on the plant and to

increase absorption.
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Susceptible

Capable of being controlled and not immune to treatment.

Suspension

A system consisting of very finely divided solid particles dispersed in a solid, liquid or gas.

Synergism

The joint action of two or more pesticides that is greater than the sum of their activity.

Systemic

A compound which when taken up by the plant, is made effective throughout its whole

system.

Systemic Herbicide

One which is absorbed by the leaves and stems of plants and moves (translocated) to

another part of the plant where it has a lethal effect.

Tap Root System

One characterized by a primary or main root which grows vertically downward with few

lateral fibrous rootlets.

Tolerance

The ability of a plant to withstand a certain amount of a particular herbicide.

Top Kill

Both leaves and stem killed to the ground line.

Toxicant

A herbicide that injures or kills plants.

Toxicity

Degree to which something is injurious to plants.

Trade Name
Same as brand name.

Translocated Herbicide

A herbicide which is moved within the plant from point of entry.

Vapor Drift

The movement of herbicidal vapors from the area of application.

Vines

Any plant which climbs by tendrils or other means, or which trails or creeps along the

ground. Stems can be woody or succulent.

Viscosity

A property of liquids that determines whether they flow readily. Viscosity usually increases

when temperature decreases.

Volatile

Refers to substances that evaporate or vaporize (change from a liquid to a gas) at ordinary

temperatures on exposure to air.

Water Solubility

Capable of being homogenously mixed with water.

Weed

A plant growing where it is not desired.



162 Bulletin 685—American Railway Engineering Association

Weed Control

The process of limiting weed infestations so that operation can be conducted effectively.

Wettable Powder

A compound that must be mixed and agitated in water and remains suspended when

applied for weed control.

Wetting Agent

A chemical which breaks surface tension or plant surfaces to improve coverage.

Woody Plants

Plants that develop woody tissue.



COMMITTEE 3—TIES & WOOD PRESERVATION

Revised Glossary As Of September 1, 1980

Absorption

Amount of preservative taken up by, or forced into, timber during treatment. Generally

expressed as gallons per cubic foot or gallons per cross tie or pounds per cubic foot.

Absorption, Gross

Total amount of preservative injected into wood during the treating operation.

Absorption, Initial

The amount of preservative absorbed by the wood while the retort is at atmospheric

pressure.

Absorption, Net

The amount of preservative left in the wood after completion of the treating operation.

Air, Initial

Compressed air forced into the wood in a treating cylinder just prior to the introduction

of the preservative and maintained at the desired pressure during the filling of the cylinder.

Anthracene Oil

A distillate from coal tar, distilling between 270 deg C and 400 deg C. Sometimes called

"green oil" or "dead oil".

Anti-Splitting Device

Any device applied to the end or near the end of a tie or timber such as an anti-splitting

iron, dowel or nail plate to reduce its splitting.

Bethell Process

Full-cell pressure treatment of wood with any preservative solution in which initial vacuum

is applied prior to preservative introduction into the cylinder.

Bored

A tie which has had holes for spikes or for increased penetration of the preservative

provided by passage through a machine designed for the purpose.

Borer, Increment

An auger with a hollow shaft which as turned fills with a core of wood, which is extracted

for determining the depth of penetration by a preservative, the width of the sapwood, the

retention of preservative, or a physical characteristic or property of the sample.

Borers, Marine

Small marine insects which live in burrows or galleries which they excavate in wood

submerged in sea water; principally Teredo, Bankia, Limnoria, Pholads and Sphaeroma.

Boulton Drying Process

A process for drying wood by removing moisture from it by heating in preservatives under

sufficient intensity of vacuum to evaporate water from the material at the temperature of

the preservative used.

Charge (noun)

All the wood assembled for treatment in one cylinder at one time.

Colte

The material remaining in the crucible on completion of the coke test.

Coke-Oven

Coal-Tar produced during the manufacture of coke in by-product coke ovens.
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Creosote

As used in wood preserving, creosote is a distillate of coal tar produced by high-

temperature carbonization of bituminous coal; it consists principally of liquid and solid

aromatic hydrocarbons, and contains appreciable quantities of tar acids and tar bases; it

is heavier than water; and has a continuous boiling range of at least 125 deg C and going

to 400 deg C beginning at about 200 deg C.

Creosote-Coal Tar Solution

Creosote with coal tar added in prescribed proportions.

Creosote-Petroleum Solution

Creosote with petroleum added in prescribed proportions.

Cross Tie

The transverse member of the track structure to which the rails are spiked or otherwise

fastened to provide proper gage and to cushion, distribute, and transmit the stresses of

traffic through the ballast to the roadbed.

Dating Nail

A nail with a head having a raised or depressed number or symbol which is driven into a

longitudinal surface of a pile, pole, tie, or timber to identify the year in which the material

was treated or installed.

Decay

Disintegration of the wood substance due to the action of wood destroying fungi.

Displacement

In wood preserving, the volume of wood in a charge as determined by measuring the

volume of liquid displaced by the wood in the cylinder.

Distillation

The process of separating creosote, tar or petroleum into "fractions" having different

boiling temperature ranges. The material to be distilled is placed in a distilling flask, the

temperature gradually raised and the vapors given off at various temperature changes are

condensed and collected separately.

Empty Cell

A treatment in which the cell walls in the treated portion of the wood remain coated with

preservative, the cells being empty or only partially filled.

Full Cell

A treatment in which the cells in the treated portion of the wood remain either partially

or completely filled with preservative.

Fungi

Low forms of plant life without roots, stems, or leaves, which contain no chlorophyll and

derive nourishment from organic wood matter.

Grooved

A cross tie which has had machine-gouged depressions across its top into which ribs on the

bottom of a tie plate may fit.

Grouping

Sorting forest products into groups according to their species, sapwood content, size,

strength, and treatability.
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Hardwood

One of the group of trees (deciduous) which have broad leaves. The term has no reference

to the hardness of the wood.

Heartwood

Inner core of the tree trunk comprising the annual rings containing non-living elements;

usually darker in color than sapwood.

Heartwood Tie

A tie with sapwood no wider than one-fourth the width of the top of the tie between 20

in (50.8 cm) and 40 in (101.6 cm) from the middle of the tie.

Incising

Puncturing the longitudinal surfaces of poles, ties, and timbers to improve penetration by

a preservative and/or to relieve surface tension as an aid in the control of checking.

Lowry Process

An empty cell process for treating wood with creosote in which there is injected, without

a preliminary vacuum, an amount of creosote in excess of the required final retention, this

excess then being removed by a quick high vacuum.

Mositure Content

Amount of moisture in wood, usually expressed as percentage of the dry weight of wood.

Oil Seasoning

Seasoning wood artifically by keeping it submerged in oil heated to a temperature above

the boiling point of water, either at atmospheric pressure or at reduced pressure.

Oil-Water-Free

Oil containing no water; dry oil.

Penetration

The depth to which preservative enters wood through both lateral or from an end surface.

Pressure Process

A process in which pressure is applied in the treating cylinder to force preservatives into

wood.

Residue

That portion of an oil or tar which remains in the flask on completion of the distillation

test. (See AREA test method)

Retention, Final

See Absorption, Net.

Rueping Process

An empty cell process for treating with creosote in which the following sequence is

employed: Compressed air; cylinder filled without reducing pressure; pressure held until

required absorption is obtained; final vacuum.

Sample Thief

Apparatus for taking samples of preservatives from tanks or other containers.

Sapwood

Outer layers of growth in a tree, exclusive of bark, which contain living elements; usually

lighter in color than heartwood.
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Sapwood Tie

A tie with sapwood wider than one-fourth the width of the top of the tie between 20 in (50.8

cm) and 40 in (101.6 cm) from the middle of the tie.

Seasoning, Air

Evaporation of moisture from wood by exposure to the atmosphere, in the open or under

cover without artificial heat.

Slabbed Tie

A tie sawed on top and bottom only. (Known also as "pole" tie and "round" tie).

Softwood

One of the group of trees (Conifers) which have needle-hke or scale-like leaves. The term

has no reference to the softness of the wood.

Solutions, Wood Preserving

Liquid combinations of toxic salts and water, creosote and coal tar, or creosote and

petroleum.

Steam Seasoning

Preparing green timber for treatment by subjecting it to the action of steam in a closed

cylinder. Normally used for softwoods only.

Substitute Tie

A tie of any material other than wood or of wood in combination with any other material.

Switch Tie

The transverse member of the track structure which is longer than but functions as does

the cross tie and in addition supports a crossover or turnout.

Tar, Coal

The nonaqueous portion of the liquid distillate obtained during the carbonization of

bituminous coal.

Tie, Adzed

A tie which has had the tie plate-bearing areas of its top made flat and smooth by passage

through a machine designed for the purpose.

Treat (verb)

To apply preservative to wood.

Treating Cylinder

A horizontal steel tank in which timber is placed while being treated with preservative

under pressure. A retort.

Treating Pressure

Amount of pressure used in injecting the preservative into wood, usually expressed as

pounds per square inch.

Treatment

Act or manner of treating; also the quantity of preservative specified or used, as "8-lb

treatment."

Treatment to Refusal

Treatment of timber by pressure until absorption of preservative practically ceases during

the pressure cycle.
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Vacuum, Final

Vacuum applied as the final operation in the treating process; used to aid in the removal

of surplus preservative injected and in drying the timber.

Vacuum, Initial

Vacuum applied to wood before injecting the preservative in pressure treatment.

Vapor Drying

Seasoning wood artifically by subjecting it to the heated vapors of hydrocarbon oils and

solvents in closed chambers.

Volumetric

A ratio of the volume of preservative solution absorbed to the total volume of the timber.

Water Gas Tar

Tar produced in the manufacture of carburetted water-gas by the decomposition of petro-

leum oil by heat in the presence of blue gas.

Wood Preserving

The art and science of protecting timber against the action of destructive agents. Usually

refers to the treatment of wood with materials which prevent the attack of fungi, termites,

marine borers, fire, etc.

Zone Sample

A sample taken from any desired depth or zone in a tank i.e., a tank car or treating tank.

Zone Sampler

An instrument for taking zone samples, i.e., increment borer, thief, or other equipment.

Zone Ratio

Ratio of the volume of a zone to the entire volume of the material being sampled.



MANUAL RECOMMENDATIONS
COMMITTEE 6—BUILDINGS

Part 13

DESIGN CRITERIA FOR FREIGHT FORWARDING FACILITIES

1981

13.1 FOREWORD

13.1.1 A Freight Forwarding Facility is a specialized facility designed for freight consol-

idation and distribution with an operating plan relating to the area it serves, and the volumes

of freight to be handled.

Because of lack of adequate planning in the design stage, many new facilities undergo

costly modifications in order to provide additional dock space or take advantage of new

transportation methods. This report is intended for use by both shipper and carrier to provide

coordination in the planning process.

13.1.2 There are three key areas that must be well planned and engineered in order to

assure efficient shipping and receiving operations:

a. Dock Design and Yard Layout: Space for truck maneuvering, parking areas, track

layout, weather protection, etc.

b. Number of inbound and outbound Dock Spots—Truck and Rail.

c. Accumulation Space: Space adjacent to the shipping and receiving areas for accumu-

lating shipments so truck or rail cars can be processed efficiently.

13.1.3 Consideration must be given to the number of shipments, pounds of freight

and revenue dollars. This information is usually determined by the shippers and receivers

operating the terminal.

13.2 OPERATING CONSIDERATIONS

13.2.1 Type of Operation: The four basic types of freight handling facilities are:

The ultimate size of the facility should be determined by the types of traffic, the average

amount of traffic to be handled initially, the variation of the peak from the average, and

projections of possible growth. Thus consideration for expansion capabilities is a necessity.

Minimum operating costs will result when house tracks are placed between inbound and

outbound freight houses with truck connections. Track areas may also be paved for trucks, and

trucking doors provided in track houses for additional trucking operation if required.

The facility should be designed to minimize freight handling labor. Where economically

feasible, mechanization should be considered.

13.3 SITE CONSIDERATIONS

13.3.1 Where there is a choice of sites, the following factors should be considered:

1. Highway accessibility,

2. Nearness to city pick-up,

3. Space for future expansion,

4. Proximity to existing switching service,

5. Space for a new yard or proximity to existing supporting yard.
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FIG-1
RAIL TO RAIL

FIG-3

FIG-2

TRUCK TO TRUCK
FIG-4

COMBINATION

I

RAIL/TRUCK

6. Possible inclusion of TOFC/COFC facilities,

7. Economics of location near terminal yards even though remote from city,

8. Relative land values, and

9. Availability of utilities.

13.4 SERVICE ROADS AND GATES

13.4.1 Traffic movement to and from the dock is very important and consideration should

be given to the following factors:

1. Estimated amount of automobile, truck and pedestrian traffic.

2. Separation of pedestrian and automobile traffic from truck traffic is desirable.

3. Recommended Standards

A. Gates and Approach Roads: 16'—one way traffic

28'—two way traffic

6' additional— if pedestrian

traffic involved

Service Roads: 12'—one way
24'—two way
28'—mixed traffic

Right Angle Roadway Intersections: 50' radius desirable.

Traffic Circulation: Counterclockwise recommended, as it is easier for drivers to

make left-hand turns and back into docks from this position.

B.

C.

D.
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E. Traffic Control: Speed limit regulations should be posted, and wide-angle mirrors

installed at blind corners.

F. Roadway Surfaces: Heavy wheel loading (40,000 lbs. on tandem axles in some

states is legal) will be encountered. Refer to the local Highway Department design.

13.5 WAITING, MANEUVERING AND TRANSFER AREAS

13.5.1 Since most facilities cannot be designed for peak loads, provisions should be made

for a truck waiting area, or in the case of rail service for a large facility, storage tracks should

be provided or the facility located near an existing yard. The waiting areas for trucks or rail

cars should be designed and placed so that they will not interfere with movement of trucks or

cars into the dock area. The rail car waiting area depends on switching operations, and the

layout should be discussed with the railroad serving the facility.

13.5.2 In planning truck maneuvering areas consideration should be given to possible

changes in truck sizes. An overall tractor-trailer length of 55' is allowed in all states. Predic-

tions are that 65' or 70' could be the average within the next five to ten years. As a rule of

thumb, the dock approach should be twice the length of the longest tractor-trailer combina-

tion.

13.5.3

Minimal Parking Space of Dock Approach

Length and Width

Width— 12 feet

Overall length
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13.6 SECURITY

13.6.1 Security Fencing

The entire area should be adequately fenced to discourage entry and theft.

13.6.2 Security House

A security house or houses should be located at tractor-trailer entrances and exists.

Consideration should also be given to making provisions for a toilet in this facility. TV
monitoring and other security devices should be considered.

13.7 Dock Building

13.7.1 Orientation: The long dimension of the building should parallel prevailing winds

if possible.

13.7.2 Column spacing: 24' recommended, for 12' berth width.

13.7.3 Width of building: Varies depending upon the type of operation, 45-70 ft. com-

mon widths used.

13.7.4 Height: Clear interior 15 ft minimum.

13.7.5 Canopy width: 3 ft. minimum, usual 12 ft. See Figure 7 for truck and track canopy

suggested sizes.

3'- 12*

Z
i

TRUCK

^
Z
i

\^

16'

P"f'^
z

RAIL 2

-^ -f.

T/RAIL

4'-0" TO 4'-4" FIG-7 3'-7" TO 3'-10"

NOTE: CHECK RAILROAD CLEARANCES
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13.7.6 Doors: 8' wide by 10' high for single doors and 20' wide by 10' high for double

doors.

13.7.7 Floor: Reinforced concrete, designed for 400-500 PSF Loading, with nonslip

finish.

13.7.8 Bumper: Wood with steel channel or rubber bumpers.

13.7.9 Steps: Provide one set of steps per four berths. Iron bar rungs set in dock front are

acceptable.

13.7.10 Lighting: 30 foot-candles recommended. Skylight optional. Lights should be

provided at trailer berths to illuminate trailer interiors.

13.7.11 Heat: Warming rooms should be provided in the freight house areas if heating of

the dock area is impractical due to the number of doors open at various times.

13.7.12 Toilet facilities: Unless provided in office areas, toilet facilities should be located

in the freight house. If warming room or rooms are provided, toilet should be adjacent.

13.7.13 Ventilation: Gravity ventilation is normally adequate; however, with the use of

gas forklifts, mechanical ventilation may be required.

13.7.14 Sprinkler system: Recommended for the entire dock area. Dry type system will

be required if area is unhealed.

13.8 DOCKS AND PLATFORMS

13.8.1 Flush Dock^Outside wall of building is flush with face of dock. Provides common
foundation for dock and wall, encloses dock area and provides support for dock seals. Flush

dock design requires a 4-10 ft. level area in front of the dock to prevent top of truck from

hitting the building wall. See Figure 8.

13.8.2 Enclosed Docks—Two types; totally enclosed and straight-in-straight-out. See

Figures 9 and 10.

(Provides total protection from the elements, greater control of pilferage, and increased

freight handling efficiency.)

Both types of enclosed docks require interior floor drains and mechanical ventilation for

exhausting the tractor fumes.

13.8.3 Open Docks—Dock width should allow two way traffic of material handling

equipment. See Figure 11.

Open dock design provides minimum security for materials, and usually requires high

intensity lighting, safety switches, etc.

13.8.4 Saw Tooth Dock—Where space is critical and distance from dock edge to near-

est obstruction is less than the length of tractor-trailer unit, a saw tooth design should be

employed. This type dock, however, reduces the useable space in the dock, and also dictates

that trucks depart within the angle of the dock and approach from the opposite side. See

Figure 12.
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FACE OF DOCK,

FIG-8

Totallv Enclosed Dock
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13,8.5 Rail Docks—Modernization will make many existing rail siding facilities obsolete,

and require that many more be extensively remodeled. Planners should take possible future

equipment designs into consideration; for example, future cars may be 85' in length, incorpo-

rate different door arrangements, etc.

a. Open Platforms:

Open platforms eliminate the necessity of exact spotting of cars ... as well as

the cost of "spotting" equipment, since either permanent rail ramps or portable

plates can be brought to the car openings. Open platforms also substantially

reduce building, heating and shelter costs . . . even if canopies are used.

Platforms should be 43" high for servicing of new boxcars and 48" high for

servicing of refrigerator cars.

Clearance dimensions fiom edge of dock to center-line of track are estab-

lished by state law. These generally differ for inside and outside docks. Legal

minimums should be used whenever possible, to keep car to dock spans to a

minimum.

For maximum material handling efficiency platforms should have a clear 14'

width. This permits 4' wide loads to pass, with 2' clearance between the material

handling units, and 2' between the unit and the edge of the platform.

b. Completely Enclosed Docks:

This type requires the same design principals discussed under open docks . . .

as platform configurations are identical. The chief advantage is complete indepen-

dence from the outside environment.

DOCK

FIG-11
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Flush Docks:

Many times a completely enclosed building is necessary for proper handling

of freight. However, it is important that current design trends be given due consid-

eration, since remodeling at a later date will be extremely costly.

1. Height. (See Figs. 13 and 14)

2. Clearance. (See Figs. 13 and 14)

3. Openings. Any permanent openings should be equipped with overhead

doors and be large enough to accommodate the largest anticipated car door open-

ing. Since car door openings of 16' are being projected, building openings of 16'

should be considered, to permit full access to even largest unit loads, require less

critical spotting, and permit greater flexibility of operation.

Depending on climate and types of freight, shelter should be considered. If

not provided, it is recommended that a vestibule be constructed inside the building

for each outside opening. The vestibule should be equipped with impact type

traffic doors. Traffic door size should be a minimum of 8' x 8'. Space between

vestibules can be used for storage or production, since the doors afford excellent

environmental control.

Main aisles leading from openings should be a minimum of 14' wide, to permit

two-way traffic and turning.

Dock Height: Truck beds normally vary from 48-52 inches; however, pickup and

delivery will have heights from 44-50 inches.
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Recommended dock height is such that truck beds are above dock level, to

prevent a runaway load trapping a man in a truck. A survey should be made of the

type of equipment used to determine the bed height of trucks arriving at the

facility.

13.9 SELF-LEVELING DOCKBOARDS

13.9.1 Dock levelers speed up turnaround of trucks, and increase dock productivity.

Permanently installed boards are safer than portable boards. The one exception to the de-

sirability of dockboards would be at a facility utilizing conveyers exclusively to move material.

13.9.2

The dockboard specification depends on the following factors:

1. Greatest height difference between the dock and bed of trucks or trailers serviced.

2. Type of materials handling equipment used.

3. Type of loads handled into and out of vehicles.

4. Type of vehicle road equipment picking up or delivering freight.

13.9.3 After determining the maximum height difference from dock level, the length of

the dockboard can be calculated by using the allowable percentage grade for the type of

handling equipment used. Allowable grades are shown in Table 1.

TABLE 1—PERCENT OF GRADE FOR MATERIAL HANDLING EQUIPMENT

Allowable percent

Type of equipment of grade*

Powered handtrucks 3

Powered platform trucks 7

Low-lift pallet or skid trucks 10

Electric fork trucks 10

Gas fork trucks 15

•Contact manufacturer and check manufacturer's specifications before operating beyond

allowable percent of grade.

13.9.4 Most standard truck dockboard lengths range from 6 to 10 ft. For most applica-

tions, dockboards should be 6 ft. wide, except that 7 ft. wide dockboards are recommended

for loading or unloading using fork lift trucks.

13.10 DESIGN CHECK LIST

13.10.1 Location:

a) City State

b) In Yard

c) Applicable Codes
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d) Zoning. . .

e) Fire Zone

13.10.2 Type of Operation:

a) Rail to Rail

b) Truck to Truck

c) Rail to Truck

d) Combination (Rail and Truck)

13.10.3 Facility Requirements:

a) Freight house Maintenance Shop .

Scale Office Building

Fueling Area Trailer Parking

Auto Parking Heater Outlets Outside

.

Other

13.10.4 Site:

a) Layout indicating property lines, easements, utilities

b) Exisitng Topography

c) Utilities Available: Gas, water, sewer, electrical

d) Accessibility to site by truck and rail

e) Expansion flexibility capabilities

f) Security capabilities

g) Roadways

h) Lighting

13.10.5 FUNCTIONAL REQUIREMENTS:

A) Site:

1

.

Trailer storage area for trailers, size

2. Security guard house required size

3. Security fencing required , type

location Gates: Manual or Mechanical

4. Pavement requirements. Blacktop Concrete

5. Dolly Pads Size, location

6. Employee parking No. of Cars

Location

7. Visitor parking No. of Cars

Location

8. Storm drainage requirements

9. Outside Area Lighting (Foot candles required)
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B) Dock Building:

Freight House (Inbound or Outbound) Information required for each area.

1

.

Width of house Height Bay Spacing

2. Width of berth to be provided

3. Truck spots required Door Size and Type

4. Rail spots required Door Size and Type

5. Dock height at truck side Rail side

6. Dock width at truck side Rail side

7. Canopy width—truck side Rail side

8. Dock levelers/boards-truck side Rail side

(Provide info, on type and capacity required)

9. Weather seals at doors (Size and Type)-Truck Side

Rail Side

10. Floor loading (PSF)

1 1

.

Lighting (Foot Candles Required)

a) Skylights Required

12. Fire protection (Type and Location)

13. Heat (Type and Location)

14. Ventilation (Gravity, Mechanical, Make-up Air)

15. Material Handling—Fork Lifts Type

Infloor Conveyor Others

16. Scale (Type and Location)

17. Security Area (OS & D), Size & Location

18. Refrigerated Area, Size & Location

19. Cranes

20. Warming Room Area/Toilet Facilities Required at Dock and Location

21. Ladders or Steps Required at Dock Spacing .

22. Cranes, Monorails or Towveyor (Type and Capacity Required)

23. Towveyor Cart Repair Area

24. Towveyor Cart Surge Bank Area (No. of Carts)

25. Fork Lift Maintenance Shop

26. Fork Lift Fueling or Battery Charging Area

C) Office Area (Building)

The following office areas may be required. Check those areas required and

provide sketch to indicate relationship of areas to each other and location in respect

to the Freight House and other terminal facilities.

1. General Office

Size, No. of People, etc

2. Message Center

3. Billing Office

4. Cashier

5. Telephone Room
6. Foreman's Office

7. Office Manager
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8. Terminal Manager

9. Operations Manager

10. Salesmen's Office

1 1

.

Record Storage

12. Sanitary Facilities—Office, Freight Handlers and Lunch Room

13. Central Checking

14. Driver's Ready Room
15. Other

D) Miscellaneous Facilities

1. Maintenance Shop .

2. Fueling Area

3. Weighing Area . . .

.

4. Customs Facilities.

.

Part 14

SELECTION AND MAINTENANCE OF ROOFING SYSTEMS
1981

14.1 Foreword

14.1.1 The purpose of this report is to assist in the selection of roofing systems, analyze

the advantages and disadvantages of these various systems and have a better understanding of

the inherent problems and methods of their maintenance and repair.

14.1.2 It is necessary to understand the roofing systems that have been used for many

years in order to evaluate them and logically compare them to the new generation of roofing

systems.

14.2 HISTORY OF THE ROOFING PROBLEM

14.2.1 An Evolution In Roofing

The forces acting on roofing from nature have not changed. The materials, systems, roof

deck designs, and application methods have changed. The result of the changes is an era of

roofing problems. For example, in a recent roofing magazine some experts predicted that of

new roofs constructed today 15% will fail within five years, and of these failures, 9% to 13%
will fail within 60 days.

Prior to World War II a roof was a sound investment for all, designed to last 20 years and

often did. Railroad buildings had roofs of all types; metal, built up, shingles, slate; not all were

free of problems of course but mostly they proved satisfactory. What has happened?

14.2.2 The Pricing Spiral

Since World War II major changes have taken place. With rising prices, many innovations

were attempted to simplify the system or reduce the labor. Many of these failed miserably.

Roof decks became lightweight and flexible. Roof shapes and buildings became complicated.

Environmental requirements restricted the use of some products.
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With inflation, roofing felts and bitumens were modified and quality of these basic

materials became uncertain. Roofers attempted to cut costs wherever they could, some work-

manship was substandard and distrust set in, not unlike the used car business.

14.2.3 The Energy Crunch

Prior to the 73 oil embargo asphalt products were inexpensive and consistent in per-

formance. When shortages came many suppliers bought crude oil from new sources and the

resulting asphalt did not perform as expected.

Insulation requirements created complicated systems and separated the roof membranes
from the heat of the building, putting much greater stress on the roofing membrane.

Owners and roofers looking for solutions created a demand for change. More new roofing

systems have appeared in the last ten years than over the last century.

14.3 BUILT-UP ROOFING

14.3.1 Hot Asphalt and Coal Tar Pitch Roofs

14.3.2 In a built-up roof, the asphalt or coal tar pitch bitumen provides the water-

proofing, the felts simply hold the bitumen in place and add strength. Asphalt is a petroleum

product and coal tar pitch comes from coke and the steel industry.

14.3.3 In recoating an existing building, it is important that the correct bitumen be used:

asphalt over asphalt and coal tar over coal tar.

14.3.4 While there are methods for obtaining satisfactory blends of coal tar pitch and

asphalts, (particularly small percentages of asphalt dissolved in coal tar), the results of a field

mixture are unpredictable and should be avoided whenever possible. There are several meth-

ods to determine which bitumen exists. Listed below are several tests which can be easily made
in the field.

A. ODOR: Asphalt, when heated has a strong odor characteristic of fuel oil, while coal

tar pitch, when heated, has a strong odor with no resemblance to that of fuel oil.

B. SOLUBILITY: Asphalt is readily soluble in aliphatic solvents, such as gasoline,

mineral spirits, and kerosene. Coal tar pitch is not soluble or only slightly soluble in these

materials. A cloth or paper wiper soaked in an aliphatic solvent and rubbed vigorously on

asphalt will transfer a film of asphalt to the rag or wiper and make the asphalt surface very

tacky to the touch. However, when rubbed vigorously on pitch, the cloth or wiper will become

discolored, but will not transfer a film of pitch. The pitch will not become tacky to the touch.

C. FLOAT TESTING: Prepare a 16 percent solution of common salt (sodium chloride)

in water. This can be obtained at a drug store, or can be roughly prepared by adding 1.7

pounds of salt to one gallon of water. Drop a small piece of the bituminous material into the

salt solution. Asphalt will float whereas pitch will sink. Caution should be exercised not to

include any foreign material, such as slag or dirt, in the specimen of bituminous material being

tested. The salt solution can be reused if the container is kept tightly closed.

14.4 BUILT-UP ROOFING PROBLEMS

14.4.1 How can we identify problems that developed in built-up systems? Moisture

entering a roofing system can freeze and cause splits and dclamination at felts, insulation, and

decking. Moisture also deteriorates roofing materials and causes insulation to lose its insu-
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lating values. So it is necessary to design to prevent cracks, splits and other sources of

moisture.

A. Roof spans have increased and lightweight decks have replaced solid, heavier ones.

Roof areas have increased, requiring more concern with expansion joints. More mechanical

equipment has been placed on the roof increasing problems of flashing. Lightweight decks are

more flexible than the old concrete decks and the increased deflections increase the strain on

the roofing membrane.

B. Temperature variations cause expansion and contraction of all elements of the roof

system, including the deck, flashings, insulation and membrane. Any differential movement

causes stresses between elements which can lead to delamination, separation and splits.

C. Pressures to reduce construction time can result in inconsistent coating of the roof

deck with asphalt. If the adhesion to the deck is incomplete, the insulation boards move

separately and if other sections are adhered to the deck, the result is splits in the membrane,

the insulation, and the flashings. If asphalt is not solidly mopped between plies leaving dry

spots, "holidays", blisters will result.

D. Another problem is the storage of roofing materials during construction. Subjecting

the felts and insulation to rain, wind and weather without proper protection results in wet

materials being built into the roof. Also the concentrated weight of materails stacked on the

roof can damage the roof deck.

E. Another major cause for concern is poorly drained roofs which leave water standing

and can only lead to accelerated deterioration, especially if the waterproofing membrane is

asphalt. Once the waterproofing breaks down, moisture enters the roofing system and a

multitude of problems results.

14.5 BUILT-UP ROOFING SOLUTIONS

14.5.1 If we know what causes these problems, how can we prevent them? Here are a few

simple rules that can help.

A. Keep your roof shapes simple. An expansion joint should be installed every 150 linear

feet. In addition, any change in direction should have a control joint installed.

B. A quarter of an inch per foot minimum slope should be built into every roof. Water

should be gone in 24 hours after a rain, especially with asphalt or aluminum coating.

C. 80% of early roofing problems originate at the flashings. The major condition which

affects all metal-edged flashings is movement: movement is caused by thermal change, wind,

and in some installations, vibrations. Most metal-edged details have wood, nails, bitumen,

felts, and metal, each with its own coefficient of expansion and contraction which in turn adds

to roof stress. Consequently, a proper design should include a flashing made up of a rubber-

ized material which will withstand the different levels of expansion and contraction. In addi-

tion, when the roof mat starts to oxidize, the felts have a tendency to shrink, possibly as much

as 20%. The shrinkage can then be absorbed in the flexible membrane flashing, thereby

eliminating the cracks and splits which normally occur during the first five years.

D. Make sure that the waterproofing membrane is applied strictly according to the

manufacturer's specifications, including the deck. Specify decks with increased stiffness to

reduce deck deflection. Do not exceed recommended deck spans. The waterproofing mem-
brane should be no less than 4 plies, and preferably 5 ply. In addition, roofing materials must

be protected, and at the end of the working day, a water cut-off must be applied to protect

the insulation.
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E. Under no circumstances allow "phased construction" that is to build a ply or two of

the roof to get the building "in the dry". It is almost impossible to gain adhesion in phased

roofing.

F. Try to keep machinery off the roof. If required they should be set with proper curbs

and pitchpans. Include walkways for maintenance personnel.

G. Inspect the installation. Make sure that the bitumen is not overheated or underheated

(This can cause loss of adhesion), that the felts and insulation are dry and fully adhered to the

roofing deck, and that the roofing plies and floodcoat are properly applied.

H. On existing roofs apply roof coatings and make repairs before serious deterioration

occurs. Allow asphalt to weather before aluminizing and don't apply aluminum roof coating

over coal tar.

I. Don't apply emulsion type roof coating over old dried out roofs without first priming.

14.6 III. BUILT-UP ROOFING INSPECTION AND MAINTENANCE

14.6.1 Take frequent looks at your roof. Good care of a roof begins with regular in-

spection of the roof premises for signs of weakness or repair. The biggest step in holding down
maintenance expenses is to correct roofing problems as soon as possible.

14.6.2 You can expect any person to find the bad leaks, but it takes a qualified person

to spot the small leaks. Your inspector has to know what to inspect and what to look for.

Competent inspection includes many points—copings, parapets, flashings, skylights, venti-

lators, inside and outside walls, ceilings, etc.

14.6.3 Inspect the roof every six months, preferably in the early fall to anticipate winter

weather, and in the early spring in preparation for the hot summer sun.

14.6.4 Special inspections of the roof should be made after a violent rain or windstorm,

or after a nearby fire, or after workmen have been on the roof.

14.6.5 A drawing showing the roofs of all buildings in a location can be a big help in

making roof inspections. Show on this plan the location of each roof, and when installed. Also

state who did the job, the guarantee (if any) and approximate dimensions. Set up an inspection

chart. After each inspection enter brief notes on the condition of the roof and the general

nature and cost of repairs. This data will prepare you for the next inspection, and guide you

on future repairs and choice of new materials and methods to be used.

14.6.6 One helpful technique is to note any weak points on the roof you feel does not

need repair at least until after the next inspection, but must be checked at that time.

14.6.7 The best way to make sure that you do not overlook an important detail in roof

inspection is to arm yourself with a checklist. You can easily make up your own form, or you

might get one from a leading contractor. Use a separate sheet for each roof.

14.6.8 A typical checklist shows all major roof items in the left column, such as copings,

parapets, roof deck, roof covering, drains and gutters, skylights, and penthouses. Under each

item is a subdivision of the point to be checked. For example, under roof covering you might

list blisters, loose or torn seams, cracks, old patches, condition of mat. Across the top of the

page are headings for vertical columns—condition okay, number of defects, repair at once,

repair when convenient, check next inspection, and special comments.
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14.6.9 A good roof inspector will look at many things besides the roof mat for clues to

actual leaks or those in the making. Obviously, the first thing to do is ask the people occupying

the building if there are any known leaks. Such reports help pinpoint other symptoms later on.

14.6.10 We have grouped these symptoms into convenient parts of the roof structure.

1. Exterior walls of the building—Look for settlement cracks or other evidences of

building movement that might have strained the flashing or displaced drainage facilities.

Efflorescence—that whitish, powdery excretion from mortar joints—may mean there are

leaks in the coping or parapet up above.

Interior walls—Stains or seepage indicate leaking walls or roof. Damp walls, chipped or

discolored paint are clues to roof leakage.

2. Underside of roof deck—Look for any signs of deterioration from leakage above. If

the deck is of wood, list rotted or warped boards for replacement. Make a note to check roof

above any watermarked boards.

If the deck is of concrete or gypsum, look for cracks and stains. Spots of rust might come

from wet reinforcing rods. In a gypsum deck, leaking water usually causes spalling. In metal

decks, rust spots mean trouble with condensation or leaks.

Topside—Only a few defects are apparent in a topside inspection. A sharp indentation

or break at right angles to the boards in a wood deck points to a sprung board. If the roof mat

gives under you, the board may be rotted. But there are secondary clues. Cracks in roofing

felt may be due to cracks in the roof deck. It is always a good idea to check the roof deck from

below wherever you find leaks or holes in the roof mat.

3. Drainage—Check for any changes in the original slope of the roof. Has any part of the

deck sagged, to produce hollows for standing water?

Drainage system—Make sure that norain water accumulates on the roof during a rainfall.

Slow acting drains and gutters may cause a backup of water above the parapet flashing. See

that all drains are sound, flush to the roof, and clear of debris. If settlement or expansion has

worked a drain above the roof level, reinstall it.

4. Copings—Coping troubles are mostly of two kinds, either the coping material loses its

water repellency and absorbs moisture; or the mortar in the coping joint cracks. In either case,

water drains down into the parapet, and where it will finally come out is hard to tell. Often

you can see the effects on the outside facing as you approach the building. More than likely,

however, the leak will drain out of the inside facing, becauseof poor masonry work. Once frost

gets in, mortar and bricks may be pushed out of the wall.

14.6.11 SAMPLE ROOFING INSPECTION GUIDE

Location Date

Building Inspector

Roof Maintenance Record:

Reroofed or Recoated with

When



Manual Recommendations 185

ROOF DESCRIPTION:

Age of Roof Area in Squares

Roof Shape: ( )Flat ( ) Gable ( ) Arched Roof ( ) Other.

Roof Mat: ( ) Tar and Gravel ( ) Asphalt and Gravel

( ) Smooth Asphalt ( ) Mineral Surfaced

Roof Deck: ( ) Wood ( ) Concrete ( ) Steel ( ) Other_

Insulation: ( ) None ( ) Fiberboard ( ) Fiberglass ( ) Rigid

Glass

( ) Other

Insulation: ( ) Wet ( ) Dry % ( ) Vapor Barrier

Drainage: ( ) Water Ponds on Surface %Area

( ) Dead Level (No Drainage) ( ) Less than 1" rise per foot

( )
1" to 2" rise per foot ( ) Over 2" = rise per foot

Water Resistance: No leaks Leaks under heavy rain

Leaks every rain

Cause of Leaks: Deteriorated membrane Wind damage

Hall Damage Faulty material

Poor design Improper Construction

Rooftop traffic Improper rooftop installations

Ponding in low spots Flashing failure

Gravel stop failure Vandalism

Other causes

Aggregate Adhesion to Surface: Good Fair

Poor Percentage of membrane area exposed %
Surface Condition: Smooth Alligatored

Cracked Exposed felts

Felt Condition: Disintegrated Curled edges Blisters

If blistered what size and how many per square

Buckles Fishmouths

Cracks: Admit water Insulation: Wet Dry

Briefly describe condition of roof membrane:

Flashings and Parapets

Base Flashings: Sagging Separated from parapet wall

Buckled Cracked

Failure from weathering Mechanical failure

Disintegration of surface coating Improper

cementing of vertical laps Other

defects
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Counter-Flashings: Not firmly embedded into wall Deteriorated

Open reglet joints Inadequate covering

of base flashing

Metal Edges: Cracked flets

Other

Not anchored tightly

Flashing Block: Insufficiently pointed groove

slipped out

Flashing

Parapet Walls: Deteriorated mortar joints

Open coping joints

Comments

Cracks

Porous

Rooftop Installations: Skylights, broken glass

at penthouse

leaks

vapor condensation

Improper or

Mechanical Equipment: Liquid leakage

Inadequate walkways

deteriorated curbing

Projections: Faulty anchorage Repair or

replenish pitch pockets

Drains: Clogged Damaged Relocate to

low spots

Gutters: Plugged

Separated

Sagging .

Loose

This roof repaired

name brands and application rates:

(date) using the following product

14.7 SINGLE PLY ROOFING SYSTEMS

14.7.1 In order to avoid failures we need to understand the new generation of roofing

systems being promoted. Before you specify or apply, know the limitations of the type of

single ply system you are dealing with.

14.7.2 There are different kinds of single ply systems. The types of materials presently

in use include:

1 . P.V. C. (Polyvinyl Chloride) Membrane Systems

a. Description: P.V.C. is a thermoplastic polymer synthesized from vinyl chloride

and a member of a larger group of polymers designated as "vinyls." P.V.C.s are

rigid materials which through plasticizing and proper formulation can show elas-

tomeric properties and resistance to weathering. P.V.C. sheets are manufactured

in approximately 34 mil, 48 mil and 60 mil thicknesses. Sheet sizes are fabricated

up to approximately 6' x 65'.
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2. Synthetic Rubber Membrane Systems

a. Description: The two major chemical formulations of synthetic rubber membranes

sold are called Neoprene and E.P.D.M. (Ethylene Propylene Diene Monomer).

They are both single ply sheet rubber systems in thickness from 60 mil for an

adhered system to 45 mil for a loose laid ballasted system.

b. Physical Properties—E.P.D.M. Sheet Membrane: E.P.D.M. demonstrates superi-

or ozone resistance and remains elastic through wide temperature fluctuations.

E.P.D.M. is impermeable and resistant to ultraviolet radiation and weathering in

general.

3. Modified Bitumen

a. Asphalt (blown or unblown)

b. Rubberizers may be added

c. Other additives

14.7.3 Applications of Single Ply Systems

1. A single ply membrane can be applied in four different systems:

a. Attached over insulation or approved roof deck using adhesives.

b. Laid loose over approved roof deck or insulation, which is also laid loose, and

ballasted with smooth stones or pavers.

c. Mechanically attached over deck or insulation using rigid metal or rubber strips

and flashed to make it watertight.

d. Applied in any of the above methods with approved insulation on top and then

ballasted.

14.8 LIQUID ROOF COATING SYSTEMS

14.8.1 Liquid applied roof coating systems are one of the newest generations of roofing

to appear on the scene and hold the potential for taking a large share of the roofing market,

in particular, roofs of unusual configuration. Because of the newness of the liquid coating

systems, there are still some questions which do not have firm answers, such as: How long will

they withstand weathering, how often will they require recoating, will mechanical damage due

to hail, thrown objects, dropped tools, or foot traffic be of much concern? According to the

manufacturers, their coatings in some instances have with-stood 8,(KK) hours in a weather-

ometer with no loss of protection and no detrimental changes in properties. If these findings

are true and if mechanical damage is determined to be insignificant, then they may become

a viable alternative to other roofing systems. Most of these systems incorporate the use of a

spray-on urethane foam insulation over the roof deck or over the existing roofing membranes.

Since the urethane foam insulations today are highly susceptible to damage from ultraviolet

radiation, they require a coating to protect them from U.V. and other elements.

14.8.2 Spray on coatings to protect urethane foam insulation include acrylic latex, sil-

icone and urethane. Other types are appearing but this report will cover only these three.

a. Acrylic: Low abrasion resistance and tensile strength, thus is more susceptible to hail

and mechanical damage—lowest in weathering resistance, also, lowest in cost. Will freeze in

can.

b. Silicone Rubber: Low impact resistance and tensile strength, thus suceptible to hail

and mechanical damage. Good weathering properties. Requires roof drainage.

c. Urethane: Higher tensile strength and abrasion resistance, thus greater protection

against hail. Resistant to ponded water.
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14.9 COMPARISON OF ROOFING CHARACTERISTICS

ITEM TO BE
COMPARED

SINGLE PLY
MEMBRANE
SYSTEMS

BITITVIINOIIS

ROOFS
LIQl ID ROOF
COATING
SYSTEM

1. Tear Off

2. Vapor Barrier

3. Slope

4. Insulation

5. Limitations to

Installation

6. Weight

7. Ballast

8. Wood Blocking

9. Expansion and

Contraction

Joints

10. Handling

11. Flashings

Can usually be used

over existing roof-

ing.

Usually not re-

quired as system

breathes.

Can be dead level.

Can use the least

expensive "Bead

Board" insulation.

Can be applied in

almost any weather.

Unballasted = 'A

Ib./SF

Ballasted = 10 lb./

SF

Must be smooth to

prevent puncture y»

to l'/i"size

Must not be cre-

osote treated.

Not required.

Material and rolled

membranes can be

lifted to roof in

fewer pieces.

Flexible and easy.

Not a weak point.

Usually requires

tear off for re-

roofing.

Required in high

moisture building

or blisters will oc-

cur.

Needs tapered insu-

lation or sloped

roof structures.

Requires more ex-

pensive insulation

and more care.

Must be dr) and

not too cold.

Unballasted = 1-4

Ib./SF

Ballasted = 5-8

Ib./SF

Can be gravel.

Any treatment is

acceptable.

Required.

Man> rolls of felts

and hot bitumin

containers.

Primar> location of

leaks requires mix-

ture of materials

that move differ-

ently.

Not usually re-

quired.

Not required.

Some need drain-

age.

Use spray on ure-

thane insulation any

thickness and can

slope to dram.

Must be dr> and

warm.

Ver> lightweight.

None required but

granules often ap-

plied over coating.

Not required.

Not required except

over building

Spra> on with boees

from ground.

Monolithic, sprayed

m place, self-

flashing, no metal

corrosion, conforms

to walls and pene-

trations.
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ITEMS TO BE
COMPARED

SINGLE PLY
MEMBRANE
SYSTEMS

BITIMINOLS
ROOFS

LIQl ID ROOF
COA I ING
SYSTEMS

12. Shrinkage

13. Workmanship

14. Installation

time

15. Conform to

Shapes

16. Problems

17. Seams

18. Locating and

repairing leaks.

19. Maintenance

Rubber: Generally

not a problem.

PVC: Some brands

lose plasticizer

causing shrinkage.

Critical as mem-
branes can be dam-

aged during instal-

lation, seams must

be kept clean and

properly sealed.

Large, clean sheets

reduce installation

time.

Conforms easily to

most shapes but

must be adhesively

or mechanically

bonded as ballast

cannot be used on

steeply sloping

roofs.

Sheets are flexible

and remain elastic.

Fewer seams, sealed

with adhesive, sol-

vents or tapes.

Seams can be a

source of problems

if not properly

made.

Difficult to locate.

Easy to repair by

patching or sealing.

None required.

Will shrink when

bitumen drvs out.

Materials must be

applied dry and flat

with solid bitu-

minous adhesive

and coatings.

Many plies and

coatings.

Not easly conform-

able.

Subject to splits,

cracks allegatoring

and blisters.

.Must be solidly

mopped, sealed and

coated.

Difficult to locate

and difficult to re-

pair.

.Must be rccoated

and repaired regu-

larly.

Must be taken into

account especially

in valleys where

shrinkage can cause

separation or loss

of bond.

Critical, requires

experienced appli-

cators.

Can be rapid instal-

lation depends on

good weather. Two
step application.

Very readily con-

forms to difficult

shapes. Major ad-

vantage of this

svstem.

Flexible and elastic

but subject to me-

chanical damage

and hail

No seams, mono-

lithic.

Easy to locate and

easy to repair ap-

plying new coating

Many need rc-

coating
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ITEMS TO BE
COMPARED

20. Factor of Safety

21. Quality Control

22. Contamination

23. Combustibility

24. Color

25. Reusable

26. Effect of

Ultraviolet

27. Contractor

Preference

28. History

29. Life

Expectancy

30. Warranty

SINGLE PLY
MEMBRANE
SYSTEMS

Single ply has no

factor of safety.

Factory quality con-

trol better, also less

effect of petroleum

quality fluctuations.

Membranes can be

damaged by contact

with gasoline, oils,

asphalt or coal tar

unless specially for-

mulated.

Can be Class I fire

rated system when

properly designed.

Can be light col-

ored, black or color

of ballast.

Can be rolled up

and reused.

Rubber: Most are

stable

PVC: Many are

stable

Most roofers prefer

because of ease and

quickness of system

and no mess.

Some systems have,

some not, check in-

dividual product.

Major brand prod-

ucts expect 20 years

minimum, perhaps

up to 40 years.

5 to 10 years readily

available.

EPDM 15 year

material warranty

available.

BITUMINOUS
ROOFS

Several plys. Some

factor of safety.

More difficult to

control. More field

labor intensive.

Damaged by sol-

vents gasolines or

oils.

Can be Class I fire

rated system when

properly designed.

Black or color of

ballast.

No

Stable, but will dry

out with exposure.

Hot kettles, fumes,

mess environmental

problems.

Long history.

With proper mainte-

nance 15 to 20

years.

Normal 2 year

warranty.

LIQUID ROOF
COATING
SYSTEMS

Monolithic with in-

sulation often will

stop leaks until

damage is repaired.

Good factor of

safety.

Manufacturing

quality can be con-

trolled.

Generally resistant

to chemicals and

solvents.

Can be designed to

meet factory mutual

or other fire codes.

Light colored or

color of coating

granules.

No

Many are stable,

some require gran-

ules or other coat-

ings.

No mess, quick

clean system.

Relatively short his-

tory.

With recoating and

repair can be indef-

inite.

5 to 10 year avail-

able.
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14.10 METAL ROOFING SYSTEMS

14.10.1 Major changes have been made in metal roofing systems in recent years, primar-

ily the use of standing seams and concealed fasteners which eliminate most through-roof

fasteners, thus eliminating the majority of potential leaks. Aluminized steel greatly reduces

corrosion.

14.10.2 With the use of roof purlins over existing roofing systems, metal or otherwise, a

new metal roof can be applied over an existing system quite easily and insulation can be added

in the purlin space, thus making it possible to insulate while installing a new roof covering.

14.11 CONCLUSIONS

14.11.1 Proper maintenance of existing built-up roofs can extend their useful life many
years, but without maintenance life expectancy is greatly reduced.

14.11.2 Whether the roofing system selected for use is a built-up asphalt or tar roof, a

single ply membrane roof, a liquid applied membrane roof, or a metal roof, there are products

on the market which will give a successful result. There are good products and poor products

in each category, thus caution is advised.

14.11.3 Some of the products in the new generation of roofing either reduce or possibly

eliminate most maintenance. The life cycle costing of some newer products can often be lower.

14.11.4 Proper selection of the new or replacement roof to be used, care in its installa-

tion, and diligence in maintenance will greatly reduce the small leaks that are such a headache

and the large failures that are so costly.



MANUAL RECOMMENDATIONS
COMMITTEE lO—CONCRETE TIES

Your committee submits for adoption the following revisions to Chapter 10 of the Manual.

Page 10-1-10 Part 1.2.2.1 - Delete last sentence "It is recommended . .

."

Page 10-1-10 Part 1.2.2.4 - Add sentence "Air entraining agents may be used at the

discretion of the Engineer."

Page 10-1-14 Part. 1.3.2.1 - Add on first line after concrete ties
—

"exclusive of pre-

stressing tendons."

Page 10-1-14 Part. 1.3.2.1 - First line add "Prestressed" before concrete and change

seven feet five inches (7'5") to eight feet zero inches

(8'0").

Page 10-1-14 Part 1.3.21. - Last sentence change to read
—"A tolerance of plus or

minus 14 inch from nominal length is permitted."

Page 10-1-15 Part 1.3.2.9 - Add "or as specified by the Engineer."

Page 10-1-15 Part 1.3.2.11 - Delete "following" and "specified" from first line.

Page 10-1-16 Table 1 - Change heading over last four columns to read "Re-

quired Flexural Capacity (Inch Kips) Without Structural

Cracking."

Page 10-1-16 Footnote 4 - Delete the first word "Some".

Page 10-1-17 Part 1.4.3.5 - First line change "Tension" to "Tendon".

Page 10-1-22 Part 1.9.1.9(a) - After "concrete" in fourth line add the sentence "Mor-

tar cracking in the vicinity of the insert is not a cause for

failure." and delete "such" after "If in the start of the

next sentence.

Page 10-1-23 Part 1.9.1.10 - End of sentence, sixth line—add footnote indication*.

Page 10-1-23 Bottom of Page - Add footnote indication * and "P" shall not exceed 10

kips.

Page 10-1-24 Part 1.9.1.12 - Seventh line change "0.25" to "0.20" and eighth line

from top after "there shall be no" add "more than 0.01

inches" and delete "further".

Page 10-1-25 Part 1.9.2.1(a) - Delete "The distance from center of track to center of

rail seats shall be verified and by use of a template."

Start sentence with "The rail seat configuration".

Page 10-1-25 Part 1.9.2.1(d) - Delete entirely

Page 10-1-25 Part 1.9.2.5 - Line two, change "tendonage" to "Tendon" and after

"1.9.1 .8" add in second line "A load rate exceeding five

kips per minute may be applied."

Page 10-1-29 Part 1.11.1 - Third line delete "wooden".

Page 10-1-30 Part 1.11.4.1 - Delete first and last sentence.

Page 10-1-30 Part 1.11.4.2 - At end of last sentence add "Rail shall not be brought

into contact with the tie ends during installation. Where

rail heaters are used, care should be taken to prevent

damage to pads and insulators."
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Page 10-1-30

Page 10-1-30

Part 1.11.4.5 - Heading should read "Corrosion Protection".

Add New Part

1.11.4.6

Page 10-1-31 Part 1.12.3.2

Page 10-1-32 Part 1.12.7.2

Page 10-1-34 Table A

Page 10.1.37 Part 1.13.3

- "Insulators" to read "Rail shall be center before placing

insulators. Both insulators at a rail seat shall be fitted

before applying other fastener components. Bars or

hammers shall not be used to force insulators into

position."

- Last line change "equal to five times" to "greater than

three times."

- Change paragraph to read "Samples of the finished

product for gradation shall be taken from each 200 tons

of prepared ballast for particle shape evaluation, and

from each 1,000 tons for other tests, unless otherwise

specified by the Engineer. The sample shall be repre-

sentative and shall weigh no less than 50 pounds."

- Under the thin or elongated particles change "(length

longer than five times average thickness) to "(length

longer than three times average thickness)".

- Add "In practice, fasteners on ties with 24 inch spacing

providing a longitudinal restraint of 2.4 kips per tie per

rail for longitudinal movement due to temperature and

traffic induced loads have proved satisfactory In some

cases, traffic induced loads may require additional

restraint."

Page 10-1-37 Parts 1.13.3.1,

1.13.3.2 &
1.13.3.3

&38 - Delete all three articles in entirety.

Changes previously made but somehow were not incorporated in the 1980 printing and

changes voted on and passed at previous meetings that have not as yet been on a letter ballot.

Page 10-1-13 Part 1.2.4

Page 10-1-23
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Page 10-1-8 Page 1.1.4 - Delete last sentence commencing "These specifications

Page 10-1-14

Page 10-1-15

Page 10-1-16

Part 1.3.1(c)

Part 1.3.2.6

Footnote 4

Page 10-1-22 Part 1.9.1.8(a)

Page 10-1-24

Page 10-1-21

Page 10-1-30

Page 10-1-38

&39

Part 1.9.1.12

Part 1.9.1.4

Part 1.11.4.4

Part 1.13.4.1

Page 10-1-39 Part 1.13.4.2

Page 10-1-47

Page 10-1-19

Page 10-1-21

Fig XI

Part 1.6.1

Part 1.9.1.3

Page 10-1-23

Page 10-1-16

Part 1.9.1.12

- Change length to 9'0" from 9'6".

- Change "(1 in 40 ± 2)" to "(1 in 40 : 5)".

- Add to end of footnote "Accordingly, these values are

currently recommended for determining P."

- In the last paragraph in the first line change "strand" to

"tendon." In the second line change 1 10,000 to 1/10,000

and delete "suitably attached to the end of the tie." add

after the end of the first sentence. "The measurement

shall be made on the outermost tendons of the lower

layer.

- Change "400 lbs" to 0.4 kips" and "2,400 lbs." to "2.4

kips".

- Add sentence after last sentence. "Other material may

be substituted for the rubber supports shown by agree-

ment with the Engineer."

- Delete first sentence.

- Change 35,000 lbs. to 35 kips in three places in para-

graph.

- Add "approximately" between "receive" and "one-

half in third line.

- Change 41,000 lbs to 41 kips.

- Change fourth word in second paragraph to "laid".

- Revise this part to read as follows: "Sequence of design

test (tie block). The sequence of design performance

tests using the tie blocks shall be as follows: (a) Fasten-

ing longitudinal restraint test (Described in Art.

1.9.1.12) (b) Fastening repeated load test (Described in

Art. 1.9.1.11) (c) Fastening longitudinal restraint test

(Described in Art. 1.9.1.12) (d) Fastening lateral re-

straint test (Described in Art. 1.9.1.13)"

- Delete the word "following" and add "Both before and

after"

- Delete 1.4.1 and replace with the following: "1.4.1 flex-

ural performance requirements for prestressed mono-

block designs.

Page 10-1-35 1.13.1.2 Rail Seat Load

The rail seat load is that load transmitted by the rail to the rail seat of the tie. It is the

design wheel load modified by the distribution and impact factors. The following rail seat load

is used to determine the flexure requirements in Art. 1.4.2 Table I:

Spacing, Inches

24

Rail Seat Load. Pounds

61,500
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Length' Spacing

(Inches)

TABLE I

Required Flexural Capacity (Inch-Kips)

Without Structural Cracking

Rail Seat + Rail Seat Center Center +

8-3
8'-6

9'-0

24

24

24

260

300

350

160

160

160

230

200

200

140

140

140

'For existing lie designs having reduced bottom width at center of tie; the rail seal and center positive Hexural requirements

shall be increased by 10% and the center negative flexural requirements shall be decreased by W/c (but shall not be less than

150 inch-kips) because of the redistributed ballast reaction associated with such designs.

^For tie lengths other than those shown, flexure requirements shall be determined by interpolation.

^e values shown in the Rail Seat(-) column are based on elastic fastenings having an overall vertical upward spring rate

in the range of 200,000 to 350,0(X) lb. per inch. (This spring rate is not necessarily linear and should be determined in the

0.00 to 0.02 inch deflection range. The Rail Seat negative values may not be adequate for more rigid fastenings."



MANUAL RECOMMENDATION
COMMITTEE 16—ECONOMICS OF PLANT, EQUIPMENT

& OPERATIONS

Part 6

6.3.4 Production Planning and Control

1981

Production planning and control comprises the family of techniques and control systems

required to insure the availability of specific products or services consistent with demand and

other predetermined economic factors. The primary objective of production planning and

control is to provide products in specific quantities at a specified time and specified place.

Production planning, and the design and implementation of production control systems, falls

within the scope of Industrial Engineering because it represents the essence by which physical

and human resources are integrated into a productive system for the attainment of specific

objectives. Production control systems are the "software" of the production process.

Railways usually do not have specific organizations for production planning and control.

Yet, actual and potential applications of these activities appear in many forms throughout the

industry. Traditional applications are in railway shop operations for the manufacture and

repair of cars, repair of locomotives, and parts reclamation. Roadway construction and main-

tenance activities also require production planning and control if objectives are to be achieved.

Even scheduling of trains and dispatching them in accordance with operating rules to satisfy

service objectives constitutes a production planning and control system.

6.3.4.1 Production Planning

Production planning consists of three basic types: long range planning, intermediate

range planning, and current planning. Long range planning generally covers a period of 3 to

5 years into the future, but may be projected as much as ten years in advance, depending on

the scope of the goal to be achieved. Intermediate range planning generally extends one to

three years ahead, while current planning is for a period of one year or less.

6.3.4.1.1 Long Range Planning

Long range plans must be based on future traffic and revenue forecasts, which in turn

establish future budgetary constraints. As the planning range increases, the number of vari-

ables to be considered also increase, and the accuracy of the plan will decrease. A long range

roadway maintenance plan, for example, must consider future required maintenance levels

based on forecast volume and types of traffic, expected future plant size, changing tech-

nologies in track structure and materials, and the estimated requirements and availability of

manpower, material and equipment. A long range plan will require frequent re-evaluation and

adjustment as additional planning criteria become known.

6.3.4.1.2 Intermediate Range Planning

Planning for the intermediate range also requires the establishment of planning criteria

such as traffic forecasts and budget constraints. However, factors which may be variable in

long range planning often become fixed for intermediate planning. Workload and production

capacities are likely to be fixed, material requirements and availability can be projected more

accurately, and fundamental technological changes are either non-existent or under control.

Intermediate planning is the refinement of longer range plans as the period of implementation

draws closer.

196
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6.3.4.1.3 Current Planning

Current plans are those made for one year or less, and are usually divided into quarters

or months. A fixed plan is set for the entire period and remains constant unless actual

performance deviates so far from planned performance that the plan becomes useless. A
moving plan is adjusted periodically as required by changing conditions. The moving plan has

the advantage of being more current, but the disadvantage of a shorter firm period.

The workload and resources required for a current plan should be well known, and the

plan can be developed in considerable detail. For example, the current plan for a track

maintenance program will include the details of precisely what is to be done to each segment

of track requiring maintenance, when the work will start and be completed, and required

manpower and equipment. The plan must also include a bill of materials, arrangements to

acquire and transport materials to the job, and disposition of reclaimed materials. Current

plans serve as the specific blueprint for accomplishment of the tasks necessary to provide the

required results at the right time.

6.3.4.1.4 Forecasting

The usefulness of production plans is dependent on their accuracy, which in turn is

dependent on the accuracy of the forecasts on which they are based. There are numerous

forecasting techniques, but they can be grouped into the categories of qualitative methods,

statistical techniques such as time series analysis and projection, and causal methods involving

construction of mathematical models to study the interrelationships of various factors. Both

application costs and accuracy vary widely among forecasting techniques, and selection of the

appropriate method must be a trade-off between the accuracy required and the cost of

forecasting. Perhaps the simplest of the common forecasting techniques is the visionary

approach characterized by personal insights and subjective guesswork. Although easy to

apply, the visionary approach does not assure good results for any forecast application and its

use should be avoided if possible.

6.3.4.2 Production Control

The successful execution of a production plan is dependent upon the ability to schedule

and monitor pertinent events during the course of the plan, and control to the extent possible

those events which would cause actual performance to deviate from the plan. For most

production plans, the key items to be controlled are production time, material quantity and

quality, and costs. Deviations can usually be better controlled if identified promptly.

6.3.4.2.1 Schedule Development and Control

For any production plan, the general steps for schedule development are:

A. Determine the following factors:

1. Planned production rate and quantity;

2. Available materials and lead times for new materials;

3. Material storage capacities and carrying costs;

4. Required and available manpower and equipment resources;

5. Sequence of production operations; and

6. Engineered or estimated standards.

B. Develop the schedule using:

1. Calendar of available facility and machine time; and

2. Established scheduling rules; if any

C. Choose the scheduling method and interval.
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D. Establish the schedule for each activity by:

1. Multiplying required production by standard production rate times;

2. Adding transit time; and

3. Adding an allowance for unavoidable delays.

The two basic approaches for establishing completion dates are forward scheduling and

back scheduling. Forward scheduling establishes a final completion time by starting the sched-

ule on the first available date and continuing the schedule until all work is expected to be

complete. Back schedules are established by working backward from the required completion

date to the present. Use of foward scheduling is generally favored for relatively simple

activities such as tie and surface work, while back scheduling is often more appropriate for

more complex activities. However, back scheduling may always be used if the final completion

date is absolutely fixed.

For different activities being progressed simultaneously, each with a different scheduled

completion date, the "critical ratio" may be used to establish the relative priority among

activities by making them directly comparable.

Time available to complete work
Critical Ratio =

Time required to complete work

If—CR> 1.0, the work is ahead of schedule

CR = 1.0, the work is on schedule

CR< 1.0, the work is behind schedule

Use of critical ratios can help to indicate which activities may require corrective action.

Selection of a scheduling interval is somewhat analogous to determining the accuracy

required of an engineered time standard. Construction projects, for example, may have a

schedule expressed in days or even weeks, while train operations are usually scheduled in

hours and minutes. Schedule intervals must be a function of the overall time to complete an

activity. They must also be based on an evaluation of the point at which incremental increases

in control become counterproductive.

6.3.4.2.2 Schedule Techniques

Examples of schedules and means for displaying these schedules are abundant throughout

the railway industry, with the timetable for train operations being a classic example. A
timetable by itself, however, is not sufficient to evaluate the performance of train operations.

Nor will a simple bar chart schedule of MofW work indicate deviations in actual performance.

Effective management requires the ability to compare a schedule with actual results for work

in progress, and make any necessary corrections on a timely basis. Following are three

scheduling techniques especially useful for railway applications:

6.3.4.2.2.1 Gantt Chart

The Gantt Chart is one of the most widely known schedule control tools. Gantt Charts

are similar in appearance to conventional bar charts. However, instead of being used for

presenting historical data or interrelated facts, the Gantt Chart is used on a real time basis for

operations control.

Gantt Charts always relate scheduled and actual units of productive work with respect to

time. Work planned and work done are shown in the same space in relation to time and to each

other. The principal benefit of the Gantt Chart is that any discrepancies between actual work

accomplished at any given time and the work which should have been accomplished to stay on
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schedule are readily apparent. With this information, a manager is better able to identify

actual and potential problems by priority and direct his efforts accordingly.

Numerous variations of the Gantt Chart have been developed over the years, many of

which are applicable to railway engineering. Examples include the layout or "reserve time

planning charts" for planning the best combination of labor and equipment, load charts for

predicted equipment utilization, progress charts, and project planning charts. Gantt Charts

are particularly useful for shop scheduling applications on railways, but they are also appropri-

ate for scheduling program MofW work and construction projects.

6.3.4.2.2.2 Throwback Charts

One significant disadvantage of Gantt Charts is that they fail to account for any complex

relationships among components of a total job or product. Throwback charts, using either

forward or backward scheduling, overcome this deficiency.

The typical throwback chart has the appearance of a logic tree plotted on a time scale.

Allowing for various process times and quantities, the throwback chart shows the required

start and completion time for each component in relation to the output times of the total job.

Overall production time is minimized by overlapping, to the extent possible, the completion

of components and subcomponents which form a part of the total job. Primary railway

applications for throwback charts lie in the areas of parts reclamation, and manufacturing or

heavy repairs to rolling stock.

6.3.4.2.2.3 Networks

The two basic and best known of the numerous network scheduling techniques are the

critical path method (CPM) and "Program and Evaluation Review Technique" (PERT). Both

systems require the construction of a network of activities to graphically show the relationship

of these activities. Activities may appear as either a node or a link, depending on the type of

chart. Precedent (node oriented) charts are somewhat easier to modify for computer based

systems, but link activities can be drawn on a time scale. CPM networks use a single time

estimate for activities, while PERT is based on probabilistic time estimates. Both techniques,

however, are closely related, and the terms CPM and PERT tend to be used interchangeably.

The objective of network techniques is to schedule all activities of a project in relation to

the critical activities; i.e., those activities which cannot be delayed without affecting the overall

project schedule. Identification of critical activities helps to establish the proper priorities for

the allocation of managerial resources. Network techniques can be developed and used man-

ually, but a computer is more efficient for handling larger networks. Commercial software

packages for network applications are readily available.

Networks are especially powerful for scheduling railway construction or rehabilitation

work, and for project planning studies. For nearly any project of any degree of complexity,

or where completion times are important, CPM is superior to the more conventional bar chart

scheduling. It is recommended that railway engineers be encouraged to develop a working

knowledge of network scheduling principles and to use them where appropriate.

6.3.4.2.2.4 Material Requirements Planning (MRP)

Although relatively simple in concept, MRP is generally impractical or cost prohibitive

without computer assistance. The development of smaller computer systems has kindled an

extensive interest in MRP.

The application of MRP involves these steps:
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1. Develop a master schedule on the basis of demand or total program requirements;

2. Establish an accurate bill of materials;

3. Compare the schedule against the bill of materials and other components required to

meet the schedule; and

4. Compare materials requirements at every level of schedule detail against on-hand

inventories, and time-phase inventory levels (required inventory levels with respect to de-

pletion times and rates) to establish requirements against lower level (more basic)

components.

The objective of MRP is to maintain the desired schedule by continually predicting

material shortages in specific time spans, presumably in time to take corrective action. MRP
serves the dual purpose of controlling both schedules and inventories.

As more experience is gained with MRP, its use is spreading into non-manufacturing

areas, including the railway industry. Three potential railway applications of the MRP philos-

ophy are program track maintenance, freight car manufacture, and heavy locomotive and car

repair programs. CP Rail's computerized "Roadway Maintenance Management System" is an

application of the MRP concept for scheduling and control of track maintenance.

6.3.4.2.3 Dispatching

Dispatching is that portion of the production control function responsible for completing

the action planned by the schedule. Just as train dispatchers coordinate locomotives and crews

to execute timetable schedules, the more general concept of dispatching is to coordinate

scheduling with production and service organizations. Typical dispatching activities include

establishment of materials requirements, preparation of requisitions for materials not on hand

or in sight, preparation of instructions and procedures for work operations, and control of

tools and manpower. Roadway maintenance dispatching functions are typically delegated

among persons having titles such as Production Engineer, Materials Engineer, and Engineer

of Work Equipment.

Other important MofW dispatching functions include progress and problem reporting

(see 6.3.3 Performance Measures), control of physical movement of materials, and expediting.

6.3.4.2.4 Materials Control

Materials control can be divided into two basic categories: (1) Physical Control and (2)

Inventory Control. Physical control consists of receiving, storing, issuing, and safeguarding

materials. Inventory control has the objective of selecting and maintaining appropriate levels

of inventory to keep inventory costs to a minimum consistent with demand requirements.

6.3.4.2.4.1 Physical Control

The design of physical control systems for materials requires the application of the

appropriate design strategy (see 6.3.1.1) to accomplish necessary functions within the general

areas of storage, material handling, and distribution. Elements of the physical handling and

control of materials are discussed elsewhere throughout Part 6.

6.3.4.2.4.2 Inventory Control

Inventories and their costs must be a pervasive part of any production and planning

control system. For most railroads, the dollar value of MofW materials in inventory is the

largest single component of all inventories. Costs associated with inventories (inventory carry-
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ing costs) may include storage costs, taxes, insurance, risk costs for obsolescence or deterio-

ration, and the opportunity costs of not having the dollars in inventory available for more
productive purposes. Conversely, costs associated with not having material available when
required include delays to maintenance or construction work, additional out-of-service time

for track, machinery, or rolling stock, and expenses to expedite the delivery of shortages. Still

other inventory costs are a function of the order frequency for material, which in turn is

dependent on order quantity. No railroad can sustain its day-to-day operations with zero

inventory, but excessive inventory costs detract from the viability of the enterprise.

For the many thousands of items of material generally carried in railway inventories, it

is impractical to apply the same degree of control to each item. The ABC method groups items

according to the importance of control, based on the value of the use in a time period, lead

times to replenish stocks, and the cost of a stockout. Typical classes are as follows:

1

.

Class A items are the relatively small percent of items with a combination of high costs

and frequent usage, long lead times, and high costs associated with a stockout. New rail and

switchpoints might be Class A items;

2. Class B items are those of average importance requiring a "normal" amount of atten-

tion. Items in Class B might be track spikes and journal pads; and

3. Class C items are comparatively unimportant in terms of carrying costs, lead times,

and stockout costs, even though more than half of all inventory items may be in Class C. These

items require relatively simple controls. Examples of Class C items could be paint, fasteners,

and stationery.

The overall job of inventory management can be more cost effective by maintaining the

tightest controls over Class A items.

Other factors to be considered in controlling inventories are:

1. Consumption rates, or expected annual usage.

2. Required reserves based on order process times, delivery times, probability of a

stockout, and cost of a stockout. Efforts should be made to keep reserve stocks at a minimum

by improving forecasts, avoiding duplication, and having suppliers carry part of the reserve

stock.

3. The economic order quantity (EOQ). One common EOO formula for items not

subject to price differentials based on quantity is:

JEOG= I 2AS
IC

where A = out-of-pocket set-up and ordering costs, dollars

S = expected annual usage, units

I = inventory carrying cost as a decimal fraction of inventory investment

C = unit cost of item, dollars

4. The appropriate order rule. Typical order rules are:

a. Order when inventory level reaches the reserve stock plus maximum probable

usage during replenishment time;

b. Order at fixed intervals; or

c. Order when first bin of "two bin" system becomes empty.

EOO formulas and order points based on probable usage are best suited for uniform

consumption, or when actual usage cannot be predicted. For dynamic usage rates, errors in
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selecting the reorder point can have a more serious effect on production and inventory levels

than an error in the EOQ. When conditions warrant, a more direct approach to effective

inventory control is the time phased approach of material ordering included in the MRP
system (see 6.3.4.2.2.4).
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Manual Recommendation
Committee 28—Clearances

Report of Subcommittee 10—"Review the Form for reporting loads

which exceed Line Clearances now in chapter 28 of the Manual."

We recommend that this form be adopted and included in Chapter 28 of the Manual under

Part 3—Miscellaneous, as AREA Drawing 28-6. This new form will replace that presently

shown on the center of the drawing.
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Manual Recommendation
Committee 33—Electrical Energy Utilization

Your committee submits the following with the recommendation that it be adopted and

published in the Manual.

5.10 Use of Impedence Bonds with Alternating Current Railway Electriflcation

5.10.1 Bond Description

The typical impedence bond used for railway electrification systems is essentially a center

tapped auto transformer arranged to provide a low impedance path for the traction current

return, when the return current is relatively balanced in the two rails, and a high enough

impedance for the 100 Hz signal circuit so that operation of the signal circuit will not be

impaired. An important point to remember is that an autotransformer transfers most of its

energy by conduction and not through a magnetic circuit. An impedance bond will thus behave

in an entirely different manner if the current flows become unbalanced or part of its circuit

opens up through various failure modes.

5.10.2 Impedance Bond Functions

Impedance bonds are normally used in pairs to permit the electric traction return current

to pass the insulated joints which serve to sectionalize the signal system into signal blocks. The

center taps or neutrals of the two impedance bonds are conducted together to form a path for

the electric traction return current around the insulated rail joints. The center taps can be

connected to an electrical ground or return conductor at selected points to improve the

electrical characteristics of the power system. Single impedance bonds are frequently used

near a substation to directly drain the returning current to the substation without having to go

through the nearest grounded signal block point.

5.10.3 Signal Track Circuit Assumptions

Per the recommendations contained in section 5.5 it is assumed that 100 Hz universally

coded phase selective track circuits are being used. It is further assumed that the length of

these circuits is limited to between 5000 and 6000 feet. Circuits only several hundred feet long

may be used within interlockings. Double rail track circuits are assumed with high capacity

bond wires used on all rail joints.

5.10.4 Impedance Bond Failure Modes for Signals

5.10.4.1 Failures Caused by Bond Locations

Impedance bonds are normally placed between the running rails and depressed between

the two ties on American railroads so that the connections to the rails do not cross under

another rail producing the possibility of shorting out the signal system. If unusual circum-

stances require placing the impedance bond outside the running rails special precautions

should be taken to insure the track connecting cables are heavily insulated and anchored so

that they cannot come in contact with the wrong rail.

5.10.4.2 Failures Caused by Improper Connections

The grounding or interconnecting of impedance bonds indiscriminately can produce

undesirable paths for the signal current to flow through. Figure A shows the normal and

desired path for the signal current to flow from the 100 Hz input transformer through the rails

to the track relay and back. Figure B shows that the grounding of the impedance bond center
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taps on both ends of a signal track circuit produces a very unsafe path for the signal circuit

current to bypass the dangerous condition of a broken rail and energize the track relay to give

a false clear indication. This very dangerous condition is prohibited by Federal Railroad

Administration regulations covering signal systems and can lead to disastrous derailments.

Similar conditions can easily be produced in multiple track territory if the interconnection of

impedance bond center taps and grounding for the traction power return current is not

carefully designed.

5.10.5 Impedance Bond Failure Modes for Electric Traction

The windings in the impedance bond must be of sufficient size to carry normal and

overload current expected during normal duty cycles as well as the currents present during

fault conditions. The impedance bond characteristics during fault conditions must be well

known in order to properly set the fault clearing relays at the substation circuit breakers.

Improper relay settings can result in major catenary damage if the circuit breakers are not

promptly activated.

5.10.6 Typical Impedance Bond Configurations

5.10.6.1 Direct Grounding on Non-Signaled Track

Non-signaled electrified tracks are normally connected to the electrical grounds or return

conductors at selected intervals as shown in Figure C. The rails are bonded together at each

ground point and then each rail is individually connected to the return conductor or electrical

ground. This technique is normally utilized for yard trackage and/or non-signaled branch lines.

The track ends in a stub ended yard and should be bonded together and grounded to insure

that a broken rail condition cannot cause an unsafe voltage raise on the vehicles relative to

ground. Jointed rail in non-signaled territory must be properly bonded in order to provide the

proper electrical path for the return current flow.

5.10.6.2 Separation of Signaled and Non-Signaled Track

A single impedance bond must be used at the insulated joints separating signaled from

non-signaled track as shown in Figure D in order to permit the electric traction return current

to flow around the insulated joints. The center tap on the impedance rails and the two rails

should be independently bonded to each other.

5.10.6.3 Drain Bonds

Electric traction substations are normally located at some distance away from signal

location so that the phase break and its short section of dead catenary will not be at a point

where trains are expected to frequently come to a stop. While this technique all but eliminates

the possibility of a train being stopped in the phase break, the path of the electric traction

return current may not be the most desirable. A single impedance bond can be located at the

substation, as shown in Figure E, with its center tap connected to the substation ground system

if the two adjacent sets of signal related impedance bonds do not have their center taps

grounded. This single grounded impedance bond is normally referred to as a "drain bond",

because its only function is to drain the electric traction return current into the substation.

5.10.6.4 Single Rail Track Circuits

Figure F shows the typical connection of impedance bonds where a full double rail signal

system meets a single rail signal system. The impedance bond center tap is connected to the
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common electric traction return rail, while the signal control rail is left fully insulated and

unconnected to the electric traction return system.

5.10.6.5 Typical Single Track Signaled Railroad

Figure G shows the typical sequence of grounding the center taps of a set of impedance

bonds on a single track signaled railroad. Every other set of impedance bonds must not be

connected to the electric traction ground return system if the fail safe design of the signal

system is to be preserved. For convenience the impedance bonds connected to the ground

return system are designated "A" points to indicate that all bonds are to be grounded. The

impedance bonds which do not have their center taps grounded are designated as "C" points

to indicate that they merely provide a continuous electric traction return current path.

5.10.6.6 Typical Double Track Signaled Railroad

Figure H shows the typical sequence of grounding the center taps of a set of impedance

bonds on a double track signaled railroad. The same basic technique of using "A" points and

"C" points outlined for a single track railroad are again used with the addition of a "B" point

preserves the integrity of the signal system while improving the path for the electric traction

return current by connecting the four rails of the two tracks together.

5.10.6.7 Typical Quadruple T^ack Signaled Railroad

Figure I shows the typical sequence of grounding the center taps of a set of impedance

bonds on a quadruple track signaled railroad. The quadruple track railroad is essentially

handled as two parallel double tracked railroads. Note that the "B" points between the two

double track segments are not normally interconnected.

5.10.6.8 Topical Passing Siding

Figure J shows the typical sequence of grounding the center taps of the impedence bonds

associated with a simple two mile long passing track in single track territory where the passing

track is fully signaled. This example shows the multiple use of "C" points where the signal

circuits are relatively short, as occurs in the signal circuits associated with the two turnouts.

5.10.9 Non-Typical Impedance Bond Circumstances

It must be emphasized that the track configuration and associated signal circuits are

unique for each railroad that is electrified. The typical configurations shown in this section are

for general guidance only. The proposed grounding and interconnections of impedance bonds

must be checked and approved by qualified signal circuit designers.

Large and complex interlockings sometimes use single rail track circuits (when authorized

under Federal Railroad Administration regulations) for the signal system in order to reduce

total costs. The bonding of these signal circuits is beyond the scope of this section and should

be undertaken by qualified signal system designers. Since these large and complex inter-

lockings usually occupy a relatively short distance in relation to the electric traction distribu-

tion system, the effects of the electric traction return current flows is usually minimal. The

signal designer will normally try to locate an "A" point at one of the home signal locations

for an interlocking in order to simplify the interconnections between impedance bonds.
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ADVANCE REPORT OF COMMITTEE 3

TIES AND WOOD PRESERVATION
REPORT ON ASSIGNMENT 5

SERVICE RECORDS

K. C. Edscorn (Chairman, Sub-Committee) H. C. Archdeacon; L. C. Colllster; M. J.

Crespo; E. M. Cummlngs; W. E. Fuhr; B. J. Gordon; C. W. Groh; G. D. Summers

Statistics providing information on cross tie renewals and average tie costs for 1980 as

compiled by the Economics and Finance Department, Association of American Railroads, are

presented on the following pages in Tables A and B.

The 1980 statistics on new tie renewals by Class I, U. S. Railroads compared with 1979

are as follows:

Total New Renewals

Year Tie Renewals Per Mile

1979 24,282,740* 88

1980 23,691,171** 88

By geographical districts, the Eastern Roads inserted in replacement 77 ties per mile; the

Southern roads 114 ties per mile and the Western Roads 85 ties per mile. Average for the

United States was 88 ties per mile.

indicated" wood tie life determined by dividing the total number of ties in track ('67

figures) by the number of new ties inserted in 1980 is as follows:

Eastern Roads 38 years

Southern Roads 28 years

Western Roads 37 years

All US Class I Roads 35 years

For the second consecutive year the total number of new cross ties renewed has decreased;

in 1979 by 3% and in 1980 another 4%. There was also a 1.5% decrease in track miles in 1980

which would explain some of the total decrease but the major reason is certainly due to a 21%
reduction in Eastern District renewals. This is obviously the result of cutbacks in maintenance

because of the long coal strike and depressed economy in that area. Note that the Western

District had about a 6% increase in renewals during the year. These percentages do not include

the ties inserted by Amtrak because 1980 was the first year of reporting. In the future, Amtrak

totals will be included in our comparisons.

Prices continue to remain at high levels for the same reasons as our last report; high

timber costs, labor rates and a drop in demand for hardwood lumber making it necessary for

the sawmill to quote higher prices for ties or go out of business.

'Excludes 84.346 concrete lies and 681.688 secondhand lies.

••Excludes 84,995 concrete ties and 1.005.0% secondhand lies.
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Committee 14—Yards and Terminals

REPORT ON ASSIGNMENT 8

Grades in Yards with Tangent Point Retarders

W. A. Schoelwer (chairman, subcommittee), R. O. Baisters, G. H. Chabot, M. K. Clark, P.

P. Dunavant, Jr., D. C. Hastings, J. G. Martin, R. E. Mingle, P. E. VanCleve, J. C. Weiser,

P. C. White, J. Zaenger.

Your committee presents as information a report on the use of tangent point retarders

with the recommendation to discontinue the subject.

INTRODUCTION

As a part of a speed control system, tangent point retarders are used to both increase

humping speed and control the coupling speed of cars in hump retarder yards. They are

located at the tangent point of the classification tracks.

The information contained in this report is intended to be a supplement to Part 2, Section

2.4 of Chapter 14 of the AREA Manual.

GENERAL LAYOUT AND THEORY

Located at the entering tangency point of a classification track a tangent point retarder

permits additional retardation and control of the speed of cars entering the track. They may
or may not be computer-controlled, but use of a computer provides for maximum benefits

from increased switching speed and from reduced overspeed impact damage.

Retarders at the tangent points permit better spacing of cars over the hump inasmuch as

cars can be slowed after they enter their assigned classification tracks. This helps to equalize

the elapsed time from hump crest to clearance point, thus permitting higher humping speed

and reducing the probability of catch-ups. Also, tangent point retarders should reduce, by

more accurately controlling classification track speed, stalls and overspeed couplings.

DESIGN CONSIDERATIONS

1) Hump height as provided in Section 2.4.3.5 of Chapter 14.

2) Scale requirements which might restrict maximum grade between hump crest and

master retarder(s).

3) Length and location of master, intermediate (if any), and group retarders.

4) Calculations of grades should provide maximum separation between cars for any set

of circumstances.

5) Calculations for retarder requirements as provided in Section 2.4.3.5.(c) should ex-

clude the retarding effect of tangent point retarders.

6) Reverse grade can be included between group retarder and tangent point.

219
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EXAMPLE

Figure 1. shows a typical hunq) layout to be used as a guide.

Existing hump yards with tangent point retarders:

Location RR
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COMMITTEE 14—YARDS & TERMINALS

Report of Subcommittee 9

Bibliography of Reports by Other Organizations and Bodies Concerning

Yards and Terminals

M. J. Anderson (chairman, subcommittee), R. P. Ainslie, R. O. Balsters, H. L. Bishop, R. E.

Bredberg, G. H. Chabot, G. W. DuBois, C. F. Intlekofer, H. L. Keeler, P. E. VanCleve.

Your committee submits this report on the captioned subject as information with the

recommendation that the study be discontinued.

The number of articles, studies, documents and reports related to yards and terminals,

prepared and developed by individuals, consultants and organizations, has reached such a

multitude in number, that the development of a realistic and workable bibliography has

become almost an insurmountable task.

Most of the material developed to date and currently being developed is contained in the

files of the Railroad Research Information Services. Any record or information desired may

be obtained by writing to:

Railroad Research Information Services

Transportation Research Board

2101 Constitution Avenue, N.W.
Washington, D.C. 20418
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COMMITTEE 22—ECONOMICS OF RAILWAY,
CONSTRUCTION & MAINTENANCE

Report on Assignment 3

Economics of Renewing Railway

Turnouts and Crossings by Panel

Method vs. Replacement in Place

H. R. Davis (chairman, subcommittee), C. D. Barton, B. G. Hudson,

G. R. Beetle, J. R. Clark, P. A. Cosgrove, W. H. George, W. H. Hoar, J. T. Hunter,

R. D. Johnson, T. D. Mason, W. A. MacDonald, F. L. Rees, J. E. Sunderland,

G. E. Warfel, G. H. Winger.

Your committee submits the following report on comparison of panel replacement and in

place replacement of rail turnouts with the recommendation that it be published in the Bulletin

for information.

CREDITS: This report is one of two successful cooperative efforts completed jointly by

the Federal Railroad Administration's Office of Research and Development and AREA
Committee 22.

EXECUTIVE SUMMARY

This report, as in many analyses, was intended to provide a direct comparison of two

separate methods. Once the many variables were identified it was concluded that a one

situation comparison would not be of value to the industry. Therefore, this report provides a

guide to the track maintenance or rehabilitation planner in choosing between two methods of

turnout replacement. These methods are:

1. The panel method, whereby the turnout is assembled as one or more panels off the

track and then placed in the track as a unit.

2. The in place method whereby individual components are placed one by one.

Based on interviews with railroad personnel and site visits it was concluded that the

decision is dependent on individual track conditions and on a railroad's maintenance re-

sources, the availability of equipment, and track availability. However, it was concluded that

the panel method is most suited to those situations where extensive ballast rehabilitation is

required or where a number of turnouts are being replaced in a small area so that economies

of scale can be achieved. The in place method is more suited to individual replacements where

extensive ballast work is not required and where heavy equipment such as cranes or bucket

loaders are not readily available or where track usage is limited. The costs and benefits which

are associated with the two approaches to turnout maintenance are extremely location de-

pendent and railroad dependent. Differences in track and ballast condition; traffic levels;

availability of labor, equipment and materials; and accessibility of the track, all impact the

cost-benefit balance. Thus, each railroad will need to evaluate its own conditions in choosing

between the two methods. However, a cost analysis guide is provided to assist the decision

maker in comparing the projected cost for each approach to a planned project. The guide

provides a systematic method for summarizing the labor and equipment costs for each

approach.

INTRODUCTION

This report discusses two approaches to this replacement or installation of rail turnouts.

The panel replacement method, whereby a pre-fabricatcd panel is inserted into the track; and

the in place method, whereby the turnout is constructed by inserting individual components

(ties, rails, etc.) into the track, one by one. so that the turnout is fabricated in place. This paper
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provides the decision maker with a guide to evaluating the two methods and determining the

best approach for his situation.

Research for this study consisted of discussions with representatives of the Chessie System

and the Southern Railway System and site visits to observe panel replacements on both the

Amtrak Northeast Corridor and on the Grand Trunk Western Railroad.

The first section describes the two approaches to turnout replacement and/or installation.

The second section provides a discussion of the relative advantages of each approach and

highlights those conditions which tend to favor one approach over the other. The third section

provides a simple cost analysis guide which can be used for a cost comparison of the two

approaches using the decision maker's own estimates of manpower and equipment require-

ments. The final section provides an example of a cost analysis using the above guide. The

manpower and equipment figures used are meant to be typical and representative. They are

based on data provided by several railroads but are a combination of this data, not actual

figures for one railroad. It is intended only to illustrate the approach and provide broad

guidelines, rather than to represent a conclusion about the relative costs of the two

approaches.

In general, this report does not view the use of panel replacement methods as an alterna-

tive form of track maintenance. It starts from the initial decision that a turnout should be

replaced or a new installation is required and addresses the question of which is the most

efficient method of carrying out the replacement or installation. Turnout replacements or

installations may be done for many reasons; as part of the general track rehabilitation or rail

replacement program, particularly if heavier rail is being laid; as part of new construction

either for a new siding or a larger effort such as a yard or new track section; or as a result of

a derailment or other disaster which damaged an existing turnout. No attempt is made to

compare the use of turnout replacement as an alternative to regular maintenance of turnouts

as it is now carried out either from a feasibility or cost standpoint.

DESCRIPTION OF PANEL AND IN PLACE METHODS

Panel Replacement

Panel replacement refers to a replacement procedure whereby the turnout is fabricated

off the track and transported as a unit to be set in place on prepared ballast after the old

turnout has been removed. The distance that the panel is moved can vary from a few feet,

when the panel is fabricated beside the replacement site to hundreds of miles if the panel is

fabricated in a central facility. Some examples of panel replacement used on American

railroads are:

• Amtrak, undertaking a large renewal project, builds entire turnout panels near the

replacement site, and then moves them into place using specialized equipment. This is part of

a major program to renew in excess of 200 turnouts on mainline track.

• Some railroads such as Southern have built centralized panel assembly facilities in

which turnouts are fabricated. The turnouts are then shipped to wherever they are needed on

specially built cars.

• Other railroads of which the Chessie System is an example, have used the panel

replacement method in connection with rebuilds of yards and other facilities where there are

a number of turnouts concentrated in a small area, or have tried panel replacement on a

situation by situation basis, but have no company policy for or against panel replacement.

A typical replacement project is described below: The project was the installation of a



Published As Information 225

Number 10 turnout by the Grand Trunk Western Railroad in Battle Creek, Michigan. The
project is typical of the procedures which would be followed in any situation where a panel

was assembled beside the track.

The first step in the process is to locate a suitable level site on which to build the panel.

In this example, the turnout was being installed to provide a new industrial siding, so there

was an adjacent area for panel assembly. The materials (ties, rail, plates, spikes, etc.) were

first brought to the site. A track crew then assembled the turnout beside the track. In this case,

it was an eight man crew equipped with hand tools, jacks, an automatic spike hammer, and

a small bucket loader. The crew spaced out the ties and laid the straight rail. The remainder

of the turnout was assembled using the straight rail as a reference.

After the panel was completed, the track was taken out of service and the old rail was cut.

Then, the rail and ties were removed, the surface ballast was cleared off, and the subgrade was

prepared for the panel. (Some railroads remove the old track work as a panel, rather than

piecemeal.) After the area had been prepared, the panel was moved from the side of the track

into position in the track. In this case, it was done with a track-mounted locomotive crane.

Before panel was installed, geotextile fabric was placed. Next panel was set into place.

Then the panel rail was bolted to the existing track rail, the ballast was returned to the track,

and the panel was leveled and aligned. Final alignment was carried out later.

In the example, the entire process took approximately three days with the crew work one

shift per day, and with the track out of service for less than one shift. The equipment used

included standard track tools, a front end bucket loader, and a track-mounted crane.

In Place Replacement

In place replacement refer to the procedure which is more in line with conventional track

maintenance techniques. In this procedure, the ties are first individually replaced. Then the

rail and other track material is replaced with the new turnout rail and other track material, and

the new section is leveled and aligned as necessary. If ballast cleaning is required, undercutting

could also be carried out.

This project was a No. 10 turnout being installed for a new industrial siding with a crew

of about eight men. The crew first replaced the ties in the turnout section with new ties. This

replacement was done by replacing every third tie, and repeating the process until all of the

old ties were replaced with switch timber without disturbing the alignment of the track The

old rail was removed in sections and replaced with the turnout rails and other track material.

Finally, the track was leveled and aligned. In this case, ballast was not removed and no

geotextile was put down. Again the crew took approximately four days working single shifts

to complete the work. An installation of this type can be installed under traffic.

DESCRIPTIVE COMPARISON OF METHODS

Based on observations of turnout work and discussions with individuals responsible for

planning and supervision of turnout replacement projects, a list of the relative advantages and

disadvantages of each approach has been developed. These are discussed below.

Panel Turnout Replacement Advantages

1. More ballast work is possible.

After the old track is cut and removed and prior to the installation of the new panel, the

ballast is exposed, permitting easy access for any ballast rehabilitation which may be required.
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At this time it is also possible to install geotextile or special drainage work where necessary.

This advantage has been repeatedly cited as one of the prime advantages of the panel ap-

proach. Ballast cleaning can be done with the in place replacement approach but it requires

the use of an undercutter.

2. Total track occupancy time tends to be lower.

Estimates of track occupancy time for panel replacement vary widely depending on the

size of the panel, the equipment available, the crew size and the crew experience, etc.

Estimates have ranged from two to twelve hours. One railroad estimated that a No. 10 turnout

panel could be removed from a track and a new panel inserted so that a train could pass over

the track, although slowly, in about two hours. In general, it would be expected that the time

would be more on the order of four to eight hours. For in place replacement, the crew would

be working on the track for several shifts, although it is possible to pass traffic over the track

during this period.

3. The potential exists for increased standardization, automation and quality control.

Since the panel is being built off the track, certain construction aids can be used which

would not be practical in track. These aids can range from temporary templates for positioning

ties and rails, to full factories or assembly lines, as are used by several railroads. These aids

.are mainly useful where the project lends itself to the construction of many panels at one

location. In the case of a single replacement, a panel would probably be assembled beside the

track without special aids. Although quality is in large measure a function of the skills and

dedication of the track crews and their supervision, the use of panels can also lend itself to

easier supervision and training and thus to improved quality. This is particularly true in

situations where a central assembly site can be established.

4. It is not necessary to remove, and then re-spike rail on new ties.

It has been pointed out that with in place replacement, in order to maintain alignment and

allow the passage of traffic, the old rail must be spiked to the new ties. When the rail is

changed, these spikes must be removed and the new rail must be respiked to the new ties. This

could result in reduced spike holding capacity.

Panel Track Disadvantages

1. Panel construction siting or transportation may be difficult.

The panel replacement process requires either that there be a site immediately adjacent

to the installation site for the panel construction or that the panels be transported from the

construction site to the installation site. In some cases, this transportation may require a

special car, specialized equipment, or the use of smaller panel sections. Where there is a

company policy of panel replacement, such equipment has been acquired.

2. More equipment is required.

It is necessary to have more equipment available to remove the old track section and to

move the new panel into place.

3. Traffic must be stopped completely while the panel is being replaced.

The process requires that the track be cut completely for a period of from two to twelve

hours while the new panel is being installed. This may be a problem on single track lines.

4. Components cannot be reused easily.

In panel replacement, the complete panel must be built, therefore, components cannot
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be left in place and immediately reused. They can, however, be reused by removing them from

the site and installing them in another installation.

In Place Replacement Advantages

1. Turnouts can be replaced under traffic.

Using the in place approach, turnouts can be replaced under traffic using standard track

maintenance techniques.

2. No special equipment is required.

Using the in place approach, the replacement can be done with regularly available track

maintenance equipment. No heavy cranes or front-end loaders, or special cars would be

required.

3. It is easier to reuse some components.

Using the in place approach, it is possible to leave some components in place which are

still in serviceable condition. The reuse of the rail and switch ties are good examples of this

opportunity.

In Place Disadvantages

1. Limited opportunity for ballast and subgrade work.

Since the ballast is never fully exposed, there is less opportunity for extensive ballast

rehabilitation. It is thus difficult to make improvements such as the installation of geotextile.

2. Re-spiking of new ties is required.

The in place process requires that spikes be removed and re-spiked on the new ties. This

double spiking could reduce holding power.

Situations Favoring Each Approach

Based on the above advantages and disadvantages, it is possible to cite situations which

tend to favor one method over the other. These situations should be looked at as merely

guidelines to help in a quick evaluation.

Situations which favor panel replacement approach:

1. Extensive ballast renewal or special subgrade work is required.

2. Many turnouts are to be installed in a relatively small geographic region. In this

situation, transportation problems are reduced.

3. There is a double track or where it is possible to close the track for at least several

hours.

Situations which favor in place replacement:

1

.

Replacement is in isolated areas and for individual turnouts where the extra equipment

and transportation expenses required with panels may not be justified.

2. Ballast is in good condition.

3. It is advantageous to immediately re-use components such as ties or rail which may still

be in good condition.

4. Special equipment and manpower are not available.
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COST ANALYSIS GUIDE

The comparison of the panel replacement method with the in place method is funda-

mentally a comparison of two processes. Several assumptions were made to simplify the

analysis and put it into perspective.

1. The decision to install or replace a turnout has already been made.

2. The material costs for ties, rail, switches and frogs, spikes, and ballast are the same in

both cases. This is reasonable since the turnouts are built to the same specification. Therefore,

direct material costs can be ignored. Material transportation costs may need to be considered

since they may vary between methods. Also, any special material used in one method and not

the other needs to be considered in the cost comparison. This would be true if switch panels

were supplied rather than built by the railroad.

3. The useful life of the turnouts and the life cycle maintenance costs are the same for

both installation methods. This is perhaps the assumption that is most open to debate. It can

be claimed that since more ballast work can be done and respiking is unnecessary with the

panel method, that the useful life of a turnout installed using the panel method would be

longer and the life cycle costs would be less. However, no data confirming this longer life or

providing quantitative estimates of relative useful life was uncovered during this study. Thus,

it was assumed that they have the same useful life. Also, any added life would probably be

accounted for in the life cycle calculation after a number of years and thus the cost savings

would play a small role in the economic equation at today's high money costs (i.e. , greater than

10 percent).

Based on these assumptions, the best coat analysis is a straight-forward comparison of

those direct costs which are likely to be different between these two methods. In order to guide

this process and help insure that all relevant costs are included in the analysis, the cost

summary has been structured as a basic cost analysis work sheet to be filled out for each of

the processes. Exhibit 1 uses this basic work sheet and cover instructions to portray a cost

example.

The forms are filled out by laying out a day-by-day schedule for each method and then

estimating the manpower and equipment requirements for each day. Special materials for

set-up costs would also be included. All of these costs are summed to provide an overall cost

for each method which represents all costs except basic material costs which would be the same

in each case.

It should be emphasized that this cost analysis form does not take into account factors

which cannot readily be costed such as track occupancy time, availability of trained personnel

and equipment, and the potential increased turnout life resulting from additional track work.

Thus, included with the cost summary on the first sheet is space to list the various extras and

non-quantifiable factors associated with each method. The decision maker can then weigh

both direct cost and intangible factors in arriving at his decision.

COST EXAMPLE

To illustrate the use of the cost analysis form and the nature of the decision trade-offs, a

hypothetical example has been chosen. Some estimates of required hours were provided by

cooperating railroads but these were either broad estimates or simple case examples and were

used mainly as guides to the author's estimate. The hourly rates used include fringe benefit

costs.

Consider a turnout replacement which is part of an overall track renewal project in an
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open section of track on level terrain. There is room adjacent to the site on which to build a

new panel. The turnout is in double track territory so traffic interruptions are not a serious

problem,- although passing trains will slow down the track crews. The ballast is in relatively

good condition, however, the maintenance planner would like to consider the option of

installing geotextile. The choice is between building the panel adjacent to the track and

moving it into place with bucket loaders or building the turnout in place.

To perform the cost analysis, the job is first broken down into days and the labor and

equipment required for each day are entered on the work sheet for each method. Costs for

delivering materials to the site and for removing excess materials would be equivalent and are

not considered. In the case of the panel method, it is assumed that the panel can be assembled

in two days and inserted in one day. In the case of the in place method it is assumed that it

takes the gang four days to replace the switch ties and then replace the rail. Clean up occurs

on the fifth day.

The results are shown on the example sheets attached. In this case, the cost for the panel

method with geotextile was $4,404, while the in place was $4, 110. However, in the case of the

in place method, there was no geotextile and the ties all had their original spikes removed and

had been respiked. Thus, the decision must be made as to whether the panel replacement

method offers more than $294 in extra benefits. In this case, since the geotextile was estimated

to cost $500, it would seem reasonable to choose the panel.

It should be recognized that the balance of the two processes depend heavily on the

productivity of the workcrews and on the charge out costs of the equipment required. This will

vary with each situation and each railroad and thus, on the basis of the limited research carried

out for this process, these results should not be generalized. It is far more useful for each

railroad considering such a choice to simply use their own best estimates and if a major policy

change is anticipated, try some experiment of their own to arrive at the right choice.

Exhibit 1

PANEL/IN PLACE TURNOUT REPLACEMENT
COST COMPARISON WORK SHEETS

INSTRUCTIONS
Prepare day-by-day schedule for each replacement approach. Then, for each approach enter

the estimated cost of non-duplicated labor, equipment, and special materials for each method

on one of the attached work sheets. The sum of the costs is placed in the lower right hand

corner and entered on the summary table below. Be sure to include costs in all categories listed

below.

TRANSPORTATION COSTS: Include transportation costs where there is a difference be-

tween panel and in place methods. This would be particularly true in cases where a panel is

transported to an installation site.

MATERIALS: Include any materials required for one method and not for the other. This

might include such things as special templates, geotextile, extra ballast, etc.

EQUIPMENT: Include all equipment used in each method for which there would be a separate

charge to do the job. This would include track equipment as well as transportation equipment.

LABOR: Include all labor for each approach.

CLEANUP: Include costs for cleanup for each method.
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NON-DUPLICATED COST COMPARISON SUMMARY
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Committee 27—Maintenance of Way Work Equipment

Roadway Machines—Theft and Vandalism

Report prepared by F. H. Smith

Your committee presents, as information, the results of a survey of its members beginning

September 1980. Twenty-five members representing 19 roads replied. The questionairre read

as follows:

AREA COMMITTEE 27 QUESTIONNAIRE
ROADWAY MACHINES—THEFT AND VANDALISM

It is practically impossible to protect against determined, professional thieves; short of

armed guards or moving the equipment out of their area. However, it is possible to reduce

incidence of vandalism and thievery by:

a. Providing protection which most intruders are not equipped to handle.

b. Providing protection which delays the act and exposes the malefactor to discovery

or discourages him.

1. On your railway, is theft and vandalism of roadway machines:

a. A serious problem ?

b. A minor problem ?

c. Not much problem ?

2. How do you rate the following as items of machine cost to your company?

a. Rough handling while being transported to and from jobs, including loading and

unloading

b. Rough and improper operation on the job, including derailments and road cross-

ing accidents

c. TTieft and vandalism

d. Delayed, improper or no maintenance and repair..

RATE: V—Very Bad, B—Bad, T—Tolerable, N—Not much problem.

3. How do you protect your equipment when not in use? Please give clear description.

A. Overnight or weekend field storage:

a. Written instructions to users to seek the safest possible location.

b. Watchman

c. Electronic devices: radio alarm, homing devices, etc.

d. Other alarms, gadgets:

e. Special padlocks: Make.

ModeL

Description.

f. Mechanical devices: Chains, blocks, parts removal, etc.

233
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g. Electrical devices: Ignition switch, battery switch, etc.

B. For longer field storage:

a. Move to building or enclosure.

b. Same as short term

ADDITIONAL REMARKS:

Exposure of equipment to theft and vandalism is not the same for all of the responding

roads. This accounts for the considerable variation in answers to our questionnaire. The

amount of equipment, the exposure environment and the duration of exposure all affect the

magnitude of the problem. The response to Question 1 showed that theft and vandalism are

considered a serious problem by 13 roads, a minor problem by 4 roads and not much problem

by 2 roads.

A tabulation of the response to Question 2 is as follows:

ing of Cost (Loss)
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"Use size 4D batteries, even on smaller machines where possible. Tliese are too heavy for

one man to carry off and won't fit any car or boat. Cost is only slightly more and they provide

better starting."

"We have applied special safety devices. The vandals get larger hammers and tear up

more than (they) would have if we didn't have (the) vandalism kit."

"Equipment theft is only a minor problem (involving) small pieces of equipment such as

rail drills, track wrenches, etc. More frequently, parts theft occurs including items such as

batteries, small gasoline engines, and more recently, hydraulic cylinders and pumps.
"

"Small engines are being stolen—nuts on engine mounting bolts (should) be spot

welded—."

"When equipment is shipped via flat care, windows are covered with plywood or burlap."

"Problem is—isolated areas where "dirt-bikes" can (provide) access to equipment."

"We have numerous cases of vandalism (due to) machines being used for target practice

by so-called "hunters"."

"We have a great deal of theft of tie-downs (binders and chains) stolen from equipment

on rider cars. This leaves the equipment loose and just waiting to fall off. We now—heat and

wrap a one-eighth inch rod around the binder two or three times to keep it from being stolen

very easily."

"Equipment left in cities or towns on sidings is subject to more vandalism than those left

in the country."

"Our railroad has a high vandalism and theft rate due to its location in a metropolitan

area."

"Nuts are welded to prevent removal of machine components. Plywood covers (are)

fastened over crane windows."

"Prosecute vandals when caught.'

Radios are a common target for vandals and thieves. In addition to the information

provided on the questionnaires proper, one item was enclosed by a respondent and another

was brought to light by this study. Item 1 is one road's design description for a radio box:

1. Construct radio box from 16 ga black iron metal, formed and welded.

2. Provide a Va inch by '/: inch locking bar made of hardened steel which cannot be cut

with a fine-tooth hack saw.

3. The locking bar passes through four heavy hardened steel loops which are welded to

the box with hard-face rod.

4. The locking bar and box have provision for a heavy-duty padlock. None of these items

can be chiseled or sawed.

5. Box is to be welded to a permanent frame member of the machine in as obscure

location as possible.

The second item is the use of radio homing devices and alarms to trace stolen equipment

and monitor equipment at storage locations. At present, there is the problem of obtaining

required authority from the FCC and the needed assurance that, when activated. Ihcy would

not interfere with other radio uses including our own railway band There is also a reliability

problem which includes false alarms and failure to alarm. This entire matter is the subject of

current study for expanded police use. If a suitable system evolves, we may be able to use it

as an equipment security measure.



COMMITTEE 32—SYSTEM ENGINEERING

REPORT ON ASSIGNMENT 1

ADMINISTRATIVE SYSTEMS—Disseminate information pertinent to

design and implementation, including specific applications or techniques

within the scope of railroad engineering.

R. B. Sliepka (Chairman Subcommittee), R. S. Allen, D. J. Faulkner, A. E. Fazio,

D, W. McDonald, W. S. McEwan, R. G. McGinnis, M. J. Nelson, S. Ramamurthy,

L. T, Richards, H. E. Snyder, J. R, Wood, B. A. York, A. Youhanaie

Your committee submits the following reports as information: (1) Creating a Fixed Plant

Data Base; an Engineering Viewpoint, (2) The Use of Relational Data Bases in Right-of-

Way/Maintenance-of-Way Applications.

The reasons for having a maintenance of way data base are as varied as the membership

of AREA. However, if one examines them, some commonality begins to emerge. A mainte-

nance of way data base is a management tool. It provides a means of controlling and unifying

information that is already being recorded (e.g. , daily production reports, slow orders, geome-

try car reports, track profiles, etc.) It provides the opportunity for a level of research and

analysis of maintenance of way problems that is impossible with a manual system.

There is no one best way to design a fixed plant data base for use by Maintenance of Way

departments. Rather than attempting to reach this unobtainable objective, committee 32 has

solicited papers from its members illustrating alternative solutions to the problem. We believe

this is fully in accord with assignment 1, defined above. Therefore, we submit the following

papers describing two quite different approaches to the design, construction, and operation of

maintenance of way data bases. The decisions will be left to individual railroad engineering

departments.

Robert F. Tuve, Chairman

Committee 32

236



The use of Relational Data Bases in

Right of Way/Maintenance of Way Applications

by W. Stuart McEwan'*' and David W. Mattnon**

A. Introduction

The previous material has provided insight into the background and history of the devel-

opment of Right of Way/Maintenance of Way Data Bases. It is the purpose of this paper to

give some insight into an alternative approach to the development and application of such a

structure. Specifically, the topic to be covered is the subject of relational data bases as opposed

to the more conventional data base structures, generally referred to as formatted data bases.

(1) An example of a specific type of a formatted data base would be the hierarchical structure

given in the previous paper.

This hierarchical type of structure is typical of many applications today and has functioned

quite well. However, relational data bases are of an advanced structure developed in theory

in the early 70's and implemented in the late 70's after the development of hardware to

facilitate the application of the theory.

B. Basic Concepts

Relational data bases can be thought of as similar to tables. For example, if one has a table

of all curves on his railroad and wants to find all curves over 6 degrees, one goes through the

table curve by curve and picks off all curves over 6 degrees. This in effect is what a relational

data base does. It looks at each individual curve as the basic unit of data, and not some
accumulation of individual units such as by route or segment. In other words if you want to

build a curve file, you build it based on the individual curves, not on a collection of curves for

each segment of railroad. Similarly the elevation file is based on each individual elevation not,

on a summation or segmentation of elevations.

In order to build any data base, there must be a basic key to relate the different elements.

In the case of a Right of Way/Maintenance of Way data base, the milepost location of the

individual units is an ideal key. In particular, it is ideally suited to a relational data base

structure since it provides a convenient means of storing information and retrieving it. In most

Right of Way/Maintenance of Way applications, mileposts are the most reasonable type of key

to use. However, relational data bases can support other types of keys (e.g. valuation sections,

bridge number and so forth), and can support multiple keys in the data base.

The remainder of this paper will be devoted to some of the more specific aspects of

relational data bases. Most of the examples cited will deal with elevations or curves. Curves

and elevations are used, since a milepost-elevation pair represents a "point" type of Right of

Way/Maintenance of Way information, and a curve represents a length-duration type of

information. All types of Right of Way/Maintenance of Way Information fall into one of these

categories. Other types of point information would include: speed changes, signal bridges, and

so forth. Length-duration types of information would include: slow orders, tie and surfacing

work, rail type/weight, speed zones, and so forth.

C. Types of Data Base Structures

If one examines Right of Way/Maintenance of Way information, it becomes evident that

the basic unit of data is a milepost and something associated with it. For example. Milepost

233.22 elevation 542.22 or Milepost 23.723 PTS (point of tangent to spiral) and Milepost

'Senior Engineer—Analyst Research & Test Dept.. AAR
•'Research Engineer, Research & Test Dept.. AAR
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23.978 PSC (point of spiral to curve) are all examples of milepost-data pairs. In all cases, there

is location information and information describing what is at that location.

For many applications it may be satisfactory to work with milepost and associated values

(Figure 1). In other cases it may be desirable to have certain fields represent certain types of

values (Figures 2 and 3). For example, in Figure 2 the first field is the milepost location, the

second field is elevation, the third field is PTS, the fourth field is PSC and so forth. In this case

the appropriate fields are filled out as needed. Figure 3 contains the curve information as a

longitudinal record, as opposed to Figure 2 which used the point approach exclusively. Re-

lational data base systems can support any of these approaches effectively. The actual ap-

proach selected is of course a decision that will be based upon such factors as existing

information sources and their forms.

In addition to considering the arrangement of the individual items in the data base, the

overall arrangement of the data base itself must be considered. The choices in this event are

to keep all information in one large file or to keep individual files for elevations, for curves,

for slow orders, production work and so on. This choice will again be based on current

information recording procedures. In addition, relational data base systems permit restruc-

turing of data base structures relatively easily, if needed.

In summary then. Right of Way/Maintenance of Way information can be stored in a very

simple compact record consisting of a Milepost and what is there, or in a large record where

only the appropriate fields are filled out. These records can be stored in many small files or

in one large file.

The following data base structures can be supported by relational data base systems:

1. One Single File with location and appropriate information, all in the simple form of

location and data elements immediately following.

2. One single file with location and various data fields filled in when needed.

3. Many files each dealing with a specific type of data, such as elevations, curves,

surfacing and so forth with their information in the same form.

4. Many files each dealing with a specific type of data, each containing information in

differing forms.

D. Engineering and Relational Data Bases

A feature of relational data bases that should be understood is that they quickly lend

themselves to direct use by engineering or other technical groups with a minimal need for

interface with the systems department. Since a relational data base is based on the concept of

the single data elements such as a milepost-elevation pair, there is no need for any inter-

mediate data structures such as segments, dictionaries, directories and so on, that only tend

to obscure the issue. This means that the engineer who knows what a curve or elevation is, can

directly use the information on his own.

This feature of relational data base systems (everything being based on individual data

items) also means that the engineering user can quickly become productive without a large

amount of training in the use of the system. For instance, after a few days exposure to the

system, an engineer should be able to produce, a list of all curves over 5 degrees on grades

of over 3 percent. After a few weeks the engineer should be able to cross reference any parts

of the data structure when requested.
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M/P INFORMATION ID
33o322 596.4 E (ELEVATION)
32.345 PTS C (CURVE)
32.355 PSC C (CURV^E)

32.357 1.5 S (SUPERELEVATION)

FIGURE 1

M/P ELEV PTS PSC SUP
32.322 596.4
32.345 X
32.355 X
32.357 1.5

FIGURE 2

PTS PSC SUP DEG MIN PCS PST
32.345 32.355 1.5 3 45 32.363 32.374

33.726 33.731 1 2 30 33.789 33.826

FIGURE 3
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E. Creation and Examination of the Data Base

It is not unusual for a person to enter manually about one liundred miles of milepost-

elevation information per eight hour day. Similar productivity has been observed in devel-

opment of curve files. Depending on management decisions, this function can either be made

a routine clerical task or one that requires engineering judgement, since the user can develop

his own data base building procedures. In either case, procedures can be developed to check

the information for reasonableness. For instance, if one enters the information about eleva-

tions, it is simple to develop a procedure to calculate percent grade and flag all grades over

a certain value for further checking. Other procedures could be developed for curves, produc-

tion work, speeds, and so on. Other cross checking procedures relating different elements such

as superelevation and speeds will take more effort, but are not too difficult.

Additional examination procedures can be developed as one becomes more familiar with

the features of relational data base systems. It would not be difficult to develop a procedure

to examine all spirals in order to see if they agree with AREA standard spiral length calcu-

lations. The procedure itself could easily access information about curves, speeds and other

appropriate items, use the AREA formulas to calculate the spiral length, compare it with the

existing spiral and issue a report covering spirals that do not meet the standard. Furthermore,

one could cross check all slow orders and maintenance work on a periodic basis to see what

slow orders had been attended to, and in what order.

F. Modifying the Data Base

Relational data base systems are of such a nature that the engineer-user can easily modify

them himself. They permit easy addition of new types of information. If the decision is made

to add gage to a data base the engineer can redefine the structure himself in a few minutes.

Deletion of obsolete items is similarly easily done.

This aspect of relational data bases is particularly relevant in the Right of Way/Mainte-

nance of Way case, since it is doubtful if anyone can fully define in advance exactly what should

be in such a data base. This means that requirements will be changing as experience with such

data bases is gained, and the ease of modifying relational data base systems can be an

important factor in the ease of their development.

The maintenance of such data bases is easily accomplished, since single elements may be

updated or large groups of elements may be updated. This means that both small and large

maintenance can be supported as needed. In maintaining a data base, the questions of security

and standards should also be addressed. Relational data bases handle these issues well in that

certain classes of users can be limited to certain access privileges above and beyond those of

the computer system itself. The access privileges may be limited to certain types of operations.

For example, updates to a particular file can be restricted by individual field, as well as

geographic region if necessary.

G. AAR Application Experiences

The AAR has developed the Train Operations Simulator (TOS) for the Track-Train

Dynamics program.^ The TOS is used for various types of train handling studies, and requires

considerable information about elevations, curves, speeds and equations along with their

associated mileposts. Often these studies require the manual creation of different types of

input files in a short time frame from various types of sources. The sources vary from track

charts alone to track and curve listings, including existing computer files. Often the most

difficult part of the study is preparing the input data in a short time.
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Thus, when a relational data base system became available for AAR staff use it was
decided to investigate the possibility of using the system to create the needed files from the

source documents. The system has been developed and successfully used in many studies, and
has been developed into a general type of Right of Way/Maintenance of Way data base system.

Specific information about the AAR system is given in Appendices A and B of this paper.

H. Some Final Remarks

The purpose of this paper is to describe the general aspects of relational data bases;

however, this includes pointing out their limitations. Thus the major drawback is that due to

the greater user flexibility provided, they may at times use more computer time than other

types of data base systems. Further, since they are a recent development, not many people are

truly familiar with using them and are reluctant to abandon past tried and true practices. Also

it should be pointed out that a good engineering systems programmer can make any type of

data base handle any reasonable request from management.
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Appendix A
A Methodology for Building a Right of way Data Base Developed

at the AAR Technical Center, Chicago, III.

W. S. McEwan and D. W. Mattoon

Recent increased and altered use of computer simulations for railroad studies have

required increasingly large amounts of input. In particular, studies of train handling and fuel

studies have necessitated the preparation of large files of input about a railroad's right of way.

Many of these studies cover runs of over 100 miles. This is an order of magnitude greater than

most of the earlier studies which rarely exceeded 10 miles. The earlier methods of hand coding

the data are now too unproductive and tend to limit the use of these simulation studies. In

response to this need, a computer based methodology has been developed to provide a means

of rapidly quantifying right-of-way data.

The methodology is based upon mileposts and associated data items. The initial use of this

methodology has been to build Train Operation Simulator (TOS) geometry files. The files deal

with curves, elevations, speeds and stations. However, the methodology can be applied to any

type of right of way information associated with mileposts, such as bridges and tunnels, slow

orders, production work and so forth.

The system is computerized and available for member railroads' use on the AAR's DEC
20 system. The methodologies' basic concept is to permit entry of data elements directly from

source documents into the data base with no intermediate steps. The direct entry concept is

designed to eliminate errors arising from transcription, intermediate calculations, legibility,

and so forth.

In order to permit direct entry of data elements, the idea of initial milepost and stationing

was developed. For example, if there are 6 data elements between milepost 20 and 21, one

could use 20 as the initial milepost and then enter only the individual distances from milepost

20 for each element. However, if there were 7 similar elements between milepost 30 and 38

in the same data set, one could simply use milepost 30 as the initial milepost again and enter

the miles from mile post 30 again as stations. In other words the system imposes no distance

restrictions on stationing or initial milepost. As a matter of fact, the initial milepost can be

reinitialized whenever necessary.

Another development incorporated into the methodology was the concept of a scale factor.

Since the source documents may not always have all information in the same units, e.g. curve

lists with beginning and end points of a curve in decimal miles, spiral lengths in feet, and track

profiles at 1 inch equals 400 feet, a scale factor was incorporated into the methodology. This

scale factor is set by the user and can be positive or negative to permit increasing or decreasing

milepost measures. This permits the user to work with a wide variety of source documents.

Furthermore, the scale factor does not only apply to distances or need to be held constant. It

also can be used for speeds, angles and so forth if needed. Also, if the source documents

require altering of the scale factor this can easily be done.

Again the concept of direct entry into the data base was facilitated by the use of the scale

factor, and in conjunction with the initial milepost concept, has provided a valuable tool for

buildling a ROW data base.
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APPENDIX B
Some Comments on Edit and Error Checking Procedures

for Right of Way Data Bases

W. S. McEwan and D. W. Mattoon

In developing a right of way data base, certain general procedures are developed over

time. Many of them relate to the fact that the basis of the data base is often milcposts. This

usually means that the item is stored along with an associated milepost value. This in turn

implies that the ordering of the mileposts has meaning since this is the manner in which the

items are found on the property. However, often all that can be said is that the milcposts are

increasing or decreasing. But the milepost values often are not unbroken or the difference is

not constant, (e.g. elevations or interlockings).

However, the fact that the values are always increasing or decreasing can still be used to

detect errors.

As mentioned previously, a relational data base has been used to create input data for the

Train Operations Simulator (TOS). Practically all the input required by the TOS model is

created through the use of the data base. Some information (such as train consist data) is

entered into a data base primarily to allow the user to enter the data in free format and have

the data base program re-format the data so the proper data is put in the proper field.

However, two types of data are entered into a data base for the additional reasons that the data

can be converted to different engineering units (e.g., feet to miles) and fairly sophisticated

error checking can be performed on the data. These two types are curvature and elevation

data, and the procedures are known as "building" and "checking" routines.

Two curve building procedures have been developed so far. One of these routines accepts

the direct entry of degree (and minute) of curvature, superelevation, and the associated

milepost locations (PTS, PSC, PCS, and PST). The assumption of this routine is that you have

all the necessary information readily at hand and merely need to enter it in a form usable by

the computer. A more complex curve building program assumes that some of this information

is not available and should be estimated. This routine only requires that the user know the

degree of curvature and th PC and PT. The user then has the option of omitting the super-

elevation or having it calculated by the appropriate formula. Furthermore, the user has the

option of storing the PC and PT only or having the routine calculate the spiral lengths (by one

of several formulas) and thereby obtain the PTS, PSC, etc.

Once the curvature file has been created, the data base is verified by the use of two checking

programs. The first program makes sure that the PTS, PSC, PCS and PST are all in milepost

order (either increasing or decreasing). Furthermore, a check is made that the PST of one

curve and the PTS of the next curve are also in the correct milepost order. In other words,

checking is done not only within records but across adjacent records. Any faulty record is

flagged by the routine and methods internal or external to the data base system may be used

to correct the information. A second routine allows the user to print the total accumulated

mileage of all curves between a range of curvatures. If the railroad has no severe curves, use

of this routine will enable the engineer to readily spot a 1 degree curve that was mistakenly

entered as a 10 degree curve.

The TOS program needs the track profile data entered in a series of milepost elevation pairs.

However, sometimes the data is available only in percent grade—nt)t the actual elevatii>n in

feet used by TOS. A routine has been created to build elevation files in which the user enters

a (possibly bogus) starting elevation and then percent gradc-milepost pairs Another building

routine can be used if the actual elevation is known. The end result of using either data base

routine is a sequence of milepost elevation-in-feet pairs. One useful elevation checking routine

converts the information back into percent grade, and the calculated percent grade between

adjacent elevation pairs is printed out. This is one method of determining data entry errors.

(This output can be compared directly against a track chart which indicates percent grade, for

example). As with the curvature data, routines are also available which determine that all the
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data is in the proper milepost order and which allow the user to determine the total accumu-

lated mileage of all grades within a certain grade range.

The preceeding has been an indication of some of the building and checking routines

developed by the AAR. It should be mentioned that some error checking is so easy that it can

be done directly by the user without using any stored routines. Furthermore, all building

routines have the capability to easily remove errors that the user notices before he completes

the current record. (If he notices, for example, that the superelevation is incorrect while he

is entering the PTS, he can easily reenter the information for that curve).



CREATING A FIXED PLANT DATA BASE; AN
ENGINEERING VIEWPOINT

by A. E. Fazio* and G. O. Medley**

ABSTRACT

Analytical management and planning techniques are becoming popular in the railroad

industry. Many of these techniques are based on mathematical models which must be driven

by detailed data regarding the usage, structure and condition of the railroad's physical plant.

As the need for detailed site-specific information becomes more acute, and as railroads grow

through mergers, companies are resorting to computers to store and manipulate information

regarding their physical plant. This paper relates some of Conrail's experiences in experi-

menting with the concept of an integrated physical plant data base, i.e. one which relates all

of the data peculiar to a given track segment.

INTRODUCTION

Railroads have found it increasingly necessary to maintain machine (computerized)

records of various data concerning their fixed plant. This record keeping has been motivated

by a search for greater efficiency in the maintenance of the fixed plant, by newly emerging

maintenance planning models and by the need to formulate a rational costing model at a time

when railroad mergers are making it difficult for corporate management to maintain a first-

hand knowledge of their fixed plants. Unfortunately there is a tendency for various depart-

ments within the railroad to create machine records of fixed plant data in response to their

specific needs in a format which cannot be integrated into other computerized files. The term

"data base" will be defined for this paper as a computerized record of data which can be

accessed by a variety of users, each of whom may have different requirements, and which has

a formal (programmed) mechanism for its accessing, alteration, and updating.

SURVEY OF NEED FOR FIXED PLANT DATA BASE

The initial motivation for the creation of computerized records regarding the railroad's

physical plant was to provide concise and easily managed information to specific users. For

example, the bridge department often maintained information regarding its bridges in ma-

chine readable form, and the track department may have had a machine readable listing of all

turnout sizes. These files were usually independent, were not comprehensive, and could often

not be related to each other. Recently, however, the concept of an integrated physical plant

data base has received attention. This is primarily a result of an attempt to utilize new

planning, control, and costing techniques; a brief survey of some of the developments which

have motivated interest in fixed plant data bases follows:

1. Maintenance of Way Planning

The investigation into and design of track data bases were first prompted at Conrail by

attempts to institute analytical Maintenance of Way (M/W) planning models. A number of

models of varying sophistication, and targeted to various components of track structure, has

been, or is under development. These include:

(a) TOPS model—for ultimate life of various components of track structure' in terms of

average train speeds, wheel loading, rail type, etc.;

(b) Failure model for rail—this model" requires rail weight and wheel loading spectra to

predict fatigue-induced rail failure;

'Supervisor, Advanced Planning, Amtrak.

•*Senior Analyst, Amtrak.
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(c) Tie life model—presently under development by AAR Committee will predict failure

rates of ties, and formation of clusters of defective ties as a function of site-specific structural,

usage and environmental parameters;

(d) Track geometry deterioration model—presently under development by FRA in con-

junction with Conrail. Involves predicting the rate of deterioration of track geometry (align-

ment, gauge, cross-level) as a function of present geometry, track curvature, rail type (CWR
or JT), accumulated tonnage and wheel loading'

(e) Southern Railway Model—this model requires a record of a track segment's geometry

in order to assign to that track segment a priority for production maintenance^ and

(f) AREA Committee 22 Maintenance of Way Workload Model—this is an empirically

derived revision to the equated track mile concept. Its product is the relative maintenance

workload on a particular jurisdiction, and it incorporates a wide variety of factors including

rail weight, average train speed, presence of unit trains,' etc. Formulation of the relative

workload is greatly expedited if these disparate factors exist in data base format.

Each of these models attempts to predict future demand on M/W resources based on

present track usage and structural data. They each require the ability to disaggregate over a

given length of track the specific data used to drive the model. For example, application of the

FRA track geometry deterioration model to the mainline segment of track shown in Figure

1 requires the ability to segment the main track by curvature and tonnage as shown in Figure

2. Application of this model to a division would require summing all the various segments of

like characteristics.

2. Maintenance of Way Management

The problem of managing widely dispersed Maintenance of Way forces and material is

distinct from the particular M/W planning technique used to decide on a work program, but

also requires a data base for proper implementation, particularly in the management and

control of basic M/W forces.

Regardless of how a work program is developed, i.e. whether by some analytical means

(based on condition of track) or simply as a derivative of historical workload, the monitoring

of the efficiency of these forces and the control of their material should be based on a fixed

plant data base; the data base should supplement the Management Information System (MIS)

used to monitor field work.

A properly designed MIS might indicate gross work versus planned, work efficiency (in

terms of manhours per task), and material balances, e.g. ties inserted in track versus ties

checked out. The work reported as completed on a jurisdiction should be compared to the

trackage and other physical plant to be maintained on that jurisdiction. Without an accurate

description of the physical plant, the work and material units reported via the MIS lose much

of their meaning.'

On a strictly local level, the first level of line management for example, a data base could

be used to provide management with selective information about their territory. A new track

supervisor could typically be given a listing of all two degree or greater curves which have a

defective tie count greater than some threshold percentage. With the increasing tendency

towards frequent reassignment of M/W line management, selective information of this type is

of great benefit.

3. Costing and Rate Setting

The passage of railroad deregulation, giving railroads unprecedented freedom in rate
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setting, will require the development of a rational means of allocating M/W related costs. A
number of cost-allocation models is presently under development; for example. Canadian

Institute for Guided Ground Transportation has developed a costing model for rail'' which is

driven by rail type and axle loading. Its implementation on a car-move specific basis must be

driven by a data base which is capable of matching the car routing with the rail type In

addition, many of the aforementioned M/W planning models can also be utilized to assign

appropriate user costs.

4. Miscellaneous Applications

A significant number of other applications exist for fixed plant data bases including:

(a) Quality Control of Production Maintenance;

(b) Valuation Studies;

(c) Assignment of Tax Credits, e.g. for maintenance performed within a particular state;

(d) Graphics, e.g. computer plotting of track charts; and

(e) As a source for special studies including Derailment Cause Studies, Rail Flaw re-

search, etc.

CREATING THE DATA BASE

Many railroads, including Conrail, Southern,^ Chessie," Santa Fe, and CN, have been

exploring or are in the process of developing fixed plant data bases. In addition. Committee

32 (Systems Engineering) of AREA has formulated a "shopping list" of specific items which

might be included in such a data base. The Committee document was intended to represent

the wide variety of information that might be included in a data base in order to suit various

departments on a given railroad. Because the Committee has already identified the enormous

quantity of data which could be included, the remainder of this paper will be restricted to a

discussion of some of the factors which should be considered in data base design , construction

.

and maintenance.

1. System Design

The large amount of data which could potentially be incorporated, coupled with the

varying needs of users, suggests a hierarchical system. With this approach, the heart of the

fixed plant data base is a master file which includes summary information for each track

segment. A possible structure for this file is shown as Figure 3.' Track is the basis for

structuring data in this file and each record represents a single, unique segment of track. The

purpose of limiting this file to summary information is to keep its size somewhat manageable.

It is intended to be of the order of 150 to 2(K) characters per record, with an average of three

to four records per track mile. Important data that does not appear in the master inventory

is maintained in subordinate files which are user specific. These subordinate files are related

to the master file using the "line code" and mile posts of the segment of interest, as shown in

Figure 4, In order to minimize CPU time, users interact only with subordinate files. As special

needs are identified, new subordinate files, or sub-files to these subordinate files, can be

created. These subordinate files may be of any size, some may be larger than the master file.

Certain data may be common to two or more subordinate files and/or the master file Figure

5 illustrates the relation between files and typical relative sizes of the master and subordmalc

files.

Initially, a uniform track segment length of approximately one mile (from milepost to

milepost) was considered, however in this format information, e.g. rail type and weight
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changes, curvature, etc. , could not be sufficiently disaggregated to drive certain M/W planning

and control models (see Figure 1 and 2). The random nature of the locations of changes in

these important parameters suggests that a variable length segment be the cornerstone of the

data base. Once the variable length segment has been selected as the basic unit of the data

base, the next problems requiring resolution are a) what factors should define a segment

break, and b) what should be the minimum length of a segment? Since the prime user of the

data base was to be the Engineering Department, it was decided that each of the following

criteria should be satisfied by a factor whose change would dictate a resegmentation:

(a) The factor should significantly influence the track maintenance workload; which is to

say that the factor should exercise a major influence on rate of track degradation. Thus,

change in rail cross-section would not cause resegmentation.

(b) It should be objectively measurable; thus, a change in defective tie count would not

initiate a new segment.

(c) It should be truly uniform over the segment length. This would eliminate factors such

as ballast condition, since this might vary significantly over a single rail length.

The minimum segment length was defined to be one-tenth mile and there was no lim-

itation placed on the maximum segment length.

Factors which are important in fixing maintenance workload, but which fail criterion (b)

and (c) are included in the master inventory as an average over that particular segment. For

example, the entries for defective tie counts and ballast condition for each segment in Figure

3 are the average values computed over the length of each segment.

2. Collection of Data—Construction of the Data Base

Once the structure of the data base is defined and created on the computer, the actual

data should be incorporated as it becomes available or as it is required for specific projects.

For example, data is often required on a spot basis for a variety of reasons, as it is collected

it should be made available for data base inclusion. It is generally not practical, due to the

expense and time required, to fill the data base in a single major effort.

Automatic methods of data collection should be employed wherever possible. This is

particularly critical where the value of the entry is changing relatively quickly, e.g. track

geometry. In the pilot inventory, included as Figure 3, the FRA's track geometry car (T-6) was

used to record track curvature, and the two Track Quality Indices (TQI's). Unfortunately, the

car does not presently have the capability of recording gradient. Where possible, data may be

replaced by automatically collected surrogates. The Decaroter" shows some potential for

replacing defective tie counts, for example.

For data which cannot be automatically collected, sampling techniques might be cm-

ployed. The defective tie information included in Figure 3 is based on detailed inspection of

one hundred consecutive ties every mile. Other important data which may be difficult to

collect can be included on an exception basis in the miscellaneous field, e.g. presence of sink

holes.

3. Data Base Maintenance

This is an extremely critical area which is easily overlooked in data base design. Some of

the points requiring design consideration are discussed below; however, this discussion is by

no means exhaustive.

(a) Inpui/Ouipul—for a data base of this magnitude, it is essentia! that various user
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departments have the capability of entering portions of the data. Each operating division

should be provided with an interactive computer terminal which will enable personnel to view

all the data pertinent to their division ("inquire"), and to change ("edit") selected fields.

However, the capability of operating divisions to edit existing files should be guarded, and

their changes should be monitored at corporate headquarters. Some data, e.g. track geometry

data, will be readily available in machine readable form. This information can be directly

transferred to the data base by the railroad's systems department.

(b) Updating Procedure—a formal updating mechanism must be defined. Divisions

should be required to maintain certain fields, but should not be allowed to edit others. Their

updates should be through the subordinate files, with changes incorporated on a periodic basis

into the master track inventory. This updating process can also be used as a reporting system.

For example, updates to the track production records entered directly into the computer by

a division can be viewed by system management in place of phoned production reports.

Limits of reasonableness must be defined for all fields, and a "hard copy" listing of all

changes should be available for review at the time the changes are incorporated into the master

file. Figure 6 represents a schematic of a recommended updating procedure.

The update software must modify fields which change as a result of a change in another

field and either make the appropriate corrections or delete the outdated data. For example,

if rail were replaced over a segment of track, the Maintenance of Way (track) Department

would enter the weight, type, age, and other pertinent characteristics of the new rail into their

"User" file. At the end of the month the department managing the data base would incorpo-

rate these changes into the master inventory at which time:

(i) certain fields in the "Master" and "User" files would be automatically updated. For

example, in the Bridge Department user file the type of rail across a bridge on the

modified track segment would be corrected; and

(ii) data in the "Master" and "User" files which changed as a result of the rail replace-

ment, but for which update information was not available, would be deleted; track

geometry fields would, for example, be deleted.

(c) Age of Data—A final important consideration is the requirement to date the data.

This is particularly important for parameters, e.g. track usage and condition, which may

change frequently, or for parameters whose value significantly affects the maintenance work-

load for a segment. One possibility is to include the date of the last "edit" of these critical

parameters as an associated record in the appropriate subordinate file.

CONCLUSION

The ultimate reliance of railroads upon computers to collect and maintain important data

pertaining to their physical plants is apparent. In the opinion of these authors, the needs of

a variety of users can be satisfied most efficiently through the creation of an integrated data

base, one whose cornerstone is a single master file, and whose maintenance is the responsi-

bility of a single department. Obviously, corporate discipline is a key ingredient in this type

of organization.
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Chicago. Ill 60604 . Oakland. Calif. 94607

In Canada: lECHolden. Ltd



ESCO
Rail Saws — Drills — Abrasive Saws
Anchor Applicators — Trak-Skans

Boutet — Field Welds

Grinding Wheels — Cut-Off Wheels
Yard Cleaners — Switch Undercutters

Tie Destroyer — Welded Rail Trains

Track Patrols — Portable Ramps
Tie Unloaders — Tower Cars

Hydraulic Testers — System Fuel Trucks

Rail Welding — Hydr. Rail Stressors

CHICAGO, IL — 312 939-0840

PHILADELPHIA, PA — 215 752-0133

ST. LOUIS, MO — 314 421-6499

CALORITE
A BETTER IDEA MADE BETTER
The Calorite process has been In

use since 1903 replacing bolted

joints with smooth, welded
connections. The idea of

continuous welded track gained
steadily in popularity everywhere.

Now Calorite is better than ever.

Working with American railroads

on American rails, we have
modified the procedure and
increased the efficiency of

the process.

We'd like to demonstrate for you —
on your track, in your area.

Moreover, wed like to train your
crews to show you how our better

idea has been made better.

A better way to
remove excess
metal from rails

US:
-i

•ly^CALORITE
RAIL SHEAR
After a thermite weld is made, excess
metal remains on the head of the rail

Normally, this is a time-consuming,
potentially dangerous procedure. The
Rail Shear removes excess metal

quickly and safely, shortens downtime
— another example of

Calorite leadership

fCALORITE THERMITE WELDING
Calorite, Inc. • 506 W. Winthrop St. • Addison, IL 60101 • (312) 543-8699



What's the most sensible thing
to say when your customer
says, "Siding!"?

Foster.

Since you run a railroad and we supply rail, you
shouldn't worry when one of your customers needs
siding repair, replacement or expansion.

Point your customer to the only one-stop source

for rail and track material: us.

We offer prompt delivery from the most com-
plete rail warehousing facilities in the country.

We stock all standard sections of tee and
crane rail — new and relay — from 12 to 175

lbs. We also supply FasTrak, the preassem-
bled, steel-tied panel that saves time and
money. Plus all the accessories your cus-

tomer will need.
So the next time your customer says,

"Siding! " say, "Foster." Because that's

what makes sense. For your customer.

And you. And us.

L.B. Foster Company,
Foster Building, 415 Holiday
Drive, Pittsburgh PA
15220.



Whatdoes LB^Fosler
supply to rail users?

^j

That's because L. B. Foster Company
can provide a rail. Or a railroad. Or
anything in between.

In fact, L. B. Foster is the country's

leading one-stop shop for rail, track-

work, rail accessories and tools. We
manufacture frogs, switches, turnouts
and pressure treated cross ties.

Beyond all this, we provide
industrial users with a track inspec-
tion service. Trained experts work
with users to maintain installations,

then provide the know-how and the
inventory to keep the railroad in

working shape.
And if there s a need for replace-

ment or repair parts, they re available

eryttiing.
fast from any of Foster's coast-to-

coast stocking locations.

If you're an industrial rail user,

there's a lot more you ought to know
about L. B. Foster. Write for the

latest information about rail and rail

products and our track inspection

program.
Then you'll see we do supply

everything.

Write: L B. Foster Company,
Foster Building. 415 Holiday Drive.

Pittsburgh PA 15220

FOSTER LB.FOSTER
COMPANY



Continuous Welded Rail

We will furnish everything for Cropping and Welding

All we need is a level site and a pile of rail

LEWIS RAIL SERVICE COMPANY
44050 Russia Road Elyria, OH 44035

(216) 323-1277



What Jl GreatWay to Holil

HRailroaiUhgether
Standard and insulated track joints

Motive power and rolling stock

Bridges and other RR structures

Send for our newest FREE CATALOG
on how to hold it all together:

HUCK MANUFACTURING COMPANY
8001 Imperial Driven Waco, Texas 76710

HUCK

PENTA CONSTRUCTION
CORPORATION
Railroad Track Construction

Rehabilitation, and Related

Right-of-way Construction

6800 Jericho Turnpike

Suite 110 West

Syosset, New York 11791

(516) 921-4200



TIE-SAVR . . .

EFFECTIVE SOLUTION TO
AN AGE-OLD PROBLEM

5"
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HEAVY-DUTY

Rail Lubricators

• Easy Installation-no grinding or

drilling required

• No valves to stick or vjear out

• Gear pump and ratchet arm sub-
merged in grease

• Effective distribution far beyond
trackside location

•Available in both single and
double rail units, 2-port or 4-port

design
• Extends rail life; reduces MIVJ
costs

Switch Point
Protectors

Low initial cost, low replacement
cost

Replaceable blade made of drop-

forged alloy steel, heat-treated

Long service life

Quick installation

Fits right or left-hand switches

Available for prompt delivery

A quality product matched with

quality service

Call or write for our brochures

Moore & Steele Corporation
Owego, Tioga County, N.Y. 13827 U.S.A.

(607) 687-2751

M&S
MOORE^ SfEELE
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The Allegheny Insulated Rail Joint-

Designed to withstanci the heaviest trafRc

in welded rail

This modern joint cements rail ends in position and thereaftei

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes welded rail truly continuous. It promises you years

of service without maintenance costs. If reduces rail and wheel batter

*o a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subsidiary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233



Proven Performer
National's helical spring washers have been giving

proven performances for America's railroads since
1887.

National railway washers have proven time and again
their ability to keep bolts tight by maintaining constant
bolt tension. They have proven their ability to with-

stand the extreme stresses and strains of continuous
heavy traffic and reduce maintenance costs systems
wide!

National . . . the oldest name in railway track washers
with the newest innovations . . . still the name to

specify for quality, concepts, economy and service.

NRTIONRL LOCH WHSHER company
Industrial Parkway North Branch, N.J. 08876
(201 ) 526-1 234— Call collect. Send for free catalog.



the complete & dependable remote control system

Featuring . . .

selective range limiting,

stepped or full stepless control

72-76MHZ.

or 450MHz carrier frequencies

(MADE IN U.S.A.

Also Manufacturers of - Unitized Crone Magnetic Systems - Foil Safe
Anti Collision Devices - and Short Range Remote Controi
Command Systems.

CONTROL CHIEF CORPORATION
P.O. Box 141 Bradford, Pa. 16701 Tel. (814) 368-4131

HORIZONTAL AIR CURTAIN •

POINT END NOZZLE SWITCH PROTECTOR
The Horizontal Air Curtam Point End tiozzie Sysiem. ulth/es an envelope ol high velocilv air at ambient

temperature, to prevent the accumulation o< ice and snow The use ol ambient temp<;rature air eliminates the

problems associated with thermal units and. in so doing, signifrcantty reduces energy consumption and
increases reliability

The Potnt End Noz/le Honzoniat Air Curiam consists of a blower unit and the necessary ducting network to

delivery airflow to the point end of the switch mechanism The blower unit is an electrically powered centrifugal

fan. activated by a control device, and is equipped with suitably protected, and screened, low velocity intake

The output from the blower unit is ducted below the rails to two point end no/zles mounted withm the swuch
A continuous high velocity stream of air at approximately 1 00 mph ( 1 60 hph) is directed at the point of the rail

thus preventing the entry of any falling or blowing snow, or ram into the switch An induced secor^dary air flow

produces vortexmg action which cleans underneath the heads of the rail and between the ties

Use of the low maintenance Horizontal Air Curiam Point End Nozzle system eliminates costly delays e^tra

labour costs for switch cieantng and thp high energy consumption ol competitive hot eit or heat systems

- ENERGY CONSERVATION
- LOW OPERATING COSTS
ELIMINATES FUEL STORAGE
INVENTORY COST

- ELIMINATES FIRE HAZARD DUE TO ACCIDENTS
- SIMPLE TO INSTALL
- LABOUR SAVING -- %.

- LOW CAPITAL COSTS <r
- ONLY TWO MOVING PARTS (ELECTRIC
MOTOR AND CENTRIFUGAL FAN)

• NO ICE DAMS AS RELATED TO THERMAL HEATERS
• NATURAL TEMPERATURE GRADIENT
THROUGHOUT THE BALLAST

4 PsUnlMj

TRANSPORT AND HIGH

hovey & associates (1979) ltd.
lANADA 2378 HOLLY LANE OTTAWA OMTAHIO K1V7f

(6131 731 1200

USA PO BOX NO 461 WATERTOWN NEW ¥OR> LlftOl



e Quality and Progress

1981 for 57 years

in Chemicals and
Application . .

.

RAILROAD VEGETATION CONTROL

The R.H. Bogle Company
P.O. Box 588

ALEXANDRIA, VIRGINIA 22313

Memphis, Tenn. Alva, Okla.

Jacksonville, Fla.

Bridges, General and

Incidental Construction, Grading

Gravel, and Crushed Stone Surface,

and Railroad Structures

EDWARD KRAEMER
and

SONS, INC.

General Contractor Plain, Wisconsin 53577 Phone:546-2311



Follow the Leader.
You've seen Electro-Motive Diesels

in front of most trains since Diesel

power started replacing steam
forty-five years ago If you follow

the leader, you know the technol-

ogy and performance testing that

go into our engines are important

reasons why were out front

Over SIX million miles of road

testing under actual hauling

conditions preceded the intro-

duction of our new "SO" Series

locomotives Horsepower, adhe-

sion and hauling capability were
well documented before the first

'50 Series was offered

ELECTROMOTIVE

Keep your eye on these new
locomotives You'll see more and
more of them out in front of the

freight being hauled by America's

railroads Our continuing efforts to

provide the most effective motive

power possible will keep us

leading the way

^



HYMAN-MICHAELS
COMPANY

ADIV.OFAZCONCORP.

SERVING
THE

RAILROAD INDUSTRY
FOR OVER

1 00 YEARS
NEWAND USED RAIL

TRACKACCESSORIES
TRACK SWITCH MATERIALS

FREIGHT CARS
LOCOMOTIVES

1 84 N.LASALLE STREET
CHICAGO, ILLINOIS 60601

TEL 31 2-332-5422



rhis new fastener will

'evolutionize the way
rou maintain track.
th faster speeds, heavier loads, new track designs, and rising

penses, American railways need the new and practical

icept in track fastening systems . . . designed by the world's

iding industrial fastener engineers.

^ time forTRAK-LOK
I fasteners from OMARK INDUSTRIES

The highest

clamping force

available— or

any other force

desired.

Welds onto all

high and low

cart)on tie plates

in seconds.

CALL (609) 424-1 71

8

TRAK-LOK
OMARK iNOusrmcsQ

OMARK TRAK-LOK " RAILWAY FASTENERS
2091 Springdale Rd . Cherry Hill. N J 08003

I would like to see samples and literature ot the new
Omark Trak-Lok" Railway Fastening System variations

NAME

TITLE

COMPANY

.

ADDRESS. -ZIP.

TELEPHONE (
EXT
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The Ever-Dependable Wood Crosstie
(Good news down the line)

n this world of shrinking natural

•esources. it's comlorting to know
there's at least one resource that is

literally growing The proven,

dependable wood c'osslie We're
growing ihem lasle' than we re

jsing them

It's a good thing On down the line

we'll need 30 million new crossties a

year to keep America rollmg That's

a pretty tall order But Man and
Natu'e- working together — began

tilling It years ago

In the century and a halt since

crosstie technology emerged from

the stone age. modern improvements
in drying and treating wood have
extended the average lite of the

crosstie five fold from about six

years to 30 years and up

Today. Ihe modern wood crosslie

lasts longer than it takes to grow a

tree big enough lo make one or

more new crossties

Nature IS domg her part loo

Hardwood growth now exceeds
annual cutting by more than TSS
And that inventory—especially in

crosstie-size trees— is increasing

American Commerce has a lot

riding on the strength and growth o'

the Nation s Railroads And our

Railroads can bank on the ever-

dependable wood crosstie to carry

Its share of the load Right down
the line

Koppers Company. Inc

Pittsburgh. PA 15219

KOPPERS
Architectural and
Construction Materials



PETTIBONE
A complete line of frogs, switches
and trackwork specialties.

Equipment for track maintenance and materials handling.

Multikranes
7'2 to 35 tons

Truck-Kranes 15 to 80 tons

A complete line of Pettibone

Mercury lift trucks and tow

tractors.

Hydro Mower brush cutters.

i^i
r "^

Re-Rolling Kranes to 110 Ions

PETTIBONE

Speed Swing

models 441-B & 442 B

PETTIBONE CORPORATION
.' i v U j^KiT l.>r. iuilL j"l«J

m;o. III. 60606

PETTIBONE OHIO CORP.

6917 Bessemer Ave
Cleveland. Oriio 44127
216,641-4000



LORAM'S ALL AMERICAN

TRACK TEAM
72, 36 AND 24 STONE GRINDERS

Modern
Maintenance
of Way
Equipment

. . . designed
to do the job

better, easier

and at less cost

—with your

men
or ours

—

in record time!

SHOULDER BALLAST CLEANER

l"l. -I

AUTOTRACK WITH PLOW AND SLED

THE WINNING TEAM FOR TRACK REHABILITATION PROGRAMS
LORAM RAILWAY MAINTENANCE EQUIPMENT FOR:
• Shoulder Ballast Cleaning • Raising Track • Resurfacing •

Reballasting • Replacing Ties • Undercutting • Ballast Cleaning

• Crib Skeletonizing • Rail Grinding Single or Multiple track •

Mainline or Yard tracks

CONTRACT. SALE or LEASE

FOR FULL DETAILS
OR SHOWING OF

OPERATING FILMS
WRITE OR CALL TODAY

MAINTENANCE OF WAY, INC.
3900 Arrowhead Drive • Hamei MN 55340 USA
PHONE (612) 478-6014 • TELEX 29-0391 Cable LORAM



DUPONT
has the people and products

to serve you
There's a DuPont Railroad Vegetation Management
Specialist in your area. Let him bring his technical

knowledge and experience to help you solve your weed
and brush control problems. DuPont is represented by

the most qualified railroad applicators available.

Midwest East East West Southwest Canada

. V. Glaser
)53 Monrovia

inexaKS 66215

13) 888-4357

Lee W. Pershke
904 Hawthorne Court

Franklin, TN 37064

(615) 794-6031

Peter Sarin
PO Box 872

Apt 303

1305 North Broom Street

Wilmington, DE 19806

(302) 655-2472

W. N. Wood
8232 Weld County Rd 1

Longmont, CO 80501

(303) 772-4146

R. H. Koester
4109 Three Oaks Drive

Arlington, TX 76016

(817)429-0658

R. A. Standlsh
PO Box 5848 Station A

Calgary. Alberta T2H 1Y3

(403) 259-4640

rhe Du Pont Railroad Vegetation IVIanagement Products.

KROVAR® I HYVAR® X VELPAR®
WEED KILLER

lives you broad-spectrum
'eed control at a low cost.

, single application of

;rovar I can substantially

9duce the need for

Dllow-up sprays later in

ie season.

WEED KILLER

Especially effective on
hard-to-kill perennial

weeds and grasses such
as Johnson, Bermuda, nut,

quack, vasey and other

grasses.

WEED KILLER

Gives you both contact

and residual control of

a broad-spectrum of weeds,

grasses and vines.

Velpar is non-volatile,

minimizing chances of

drift.

With any chemical, follow labeling instructions and warnings carefully.

t) RAILROAD HERBICIDES



Treated Wood Products
CROSS TIES / SWITCH TIES / LUMBER

POLES / PILING ' TIMBERS CROSSARMS

Southern Wood Piedmont Company
HeartauaMefb Ne* Souin Paifc PO Bo. b-l-l -' • Soananburg Soulh Carolina 29304 • 803 5 76 7660

PP RAYON IER
FOREST PRODUCTS

Copyright ® 1981 Southern Wood Piedmont Co



Make your ma!ntenance-of-way project

the best game !n town.
Economical and efficient maintenance-of-way is a
result of utilizing the right services and equipment for

the job.

We've made a commitment to provide quality

equipment and services to the maintenance-of-way

business through our "triple-option " capabilities.

EVANS TRACK WORK LEASING offers a wide

range of leasing plans designed to your exact needs.

You purchase the equipment, we provide the financing.

EVANS/R & R LEASING provides a complete range

of widely accepted maintenance-of-way equipment

for short term rental. Equipment reconditioned and

available for placement in operation by our exp)enenced

fiefd service engineers, when and where you need it.

EVANS/RTW manufactures and sells a line of

machines from grinders and gaugers—to adzers and

more sophisticated items such as cnbbers, tie handlers

and skeletonizers. And we can provide specialized

selective contracting for major track rehabilitation

Whatever your need, you'll find the Evans "tnple-

option" approach gets the )ob done. Contact Walter

Kilrea, V.P. Marketing. Engineered Products Division,

Evans Products Co., East Tower, 2550 Golf Rd.. Rolling

Meadows, IL 60008. (312) 640-7750

0^0^ MAINTENANCE-OF-WAY OPERATIONS

evRnsienGineeReo products Division
pmooucTs compftrrr / rmvisPORrArxvT srsr^ms c tnousmiRL anoup



Because our toilets and treatment sys-

tenns surpass tough environmental stan-

dards, we're tops with the railroad in-

dustry. Units teature stainless steel or

vitreous china two-quartflush toilets. The

toilets are also ideal for use in ground

support facilities.They reduce toilet flush

water by 90%.

Contact Microptior for ttte solution

to your difficult railroad problems.

For

Today's

Railroads

mw

When the temperature drops to freezing, you'll need a

reliable valve to dump all on-board water to prevent

damage to pipes, valves, tanks, etc. . .

.

Look to Microphor for reliable dump valves that

work.

WATER TANKS
Microphor can supply plastic water tanks in many
standard sizes and capacities, as well as tanks to

meet special customer requirements where size and

space are a problem.

Our toilet systems are known tttrougtiout tite world

as environmental on-board disposal systems you

can rely on to meet anti-pollution standards

recommended by the Association of American

Railroads. Microphor is currently meeting the

sewage treatment needs of over 78 railroads.

P.O. Box 490-ARE

Willits, CA 95490

(707) 459-5563

Cable - Microphor-Willits Telex - 340672 Remco Hydraulics - Willlts

~? ^



PROVEN PROTECTION!
(moow I ii> T

\/2-

3/4"

WRITE - WIRE - PHONE

PO Box 6122 • Akron, Ohio 44312 • Area Code 216 733-8367

Four Fluted Steel Dowels

ANTI-SPLITTING AND LAMINATING
DEVICE FOR TIES AND OTHER

WOOD PRODUCTS

LENGTH AS SPECIFIED 1 1/8"

DOWELS CONFORM TO
ALL AGENCY SPECIFICATIONS

PRECISION MADE TWISTED STEEL
GIVE ADDED LIFE

IN EACH APPLICATION

ALL TYPES OF SERVICE
ONE MAKE OF CLIP
• Equally effective with wood, concrete

steel ties or non-ballasted track.

• Designed for mixed traffic conditions...

high speed passenger, freight and transit

applications

The 'Pandrol' brand rail clip—can be machine applied or easily installed with regular

track tools, has a minimum number of components, and requires virtually no
maintenance!

For more information, call (609)467-3227.

Pandrol Incorporated
Box 44 Bridgeport New Jersey 08014

Pandrol Canada Limited
8180 Cote de Liesse Road, Montreal. PO



Turn Your *

Rail and Track
Material Pr
Over...

To A&K
• You'll talk to a specialist. He'll

understand your questions, you'

understand his answers.

• You'll deal with the largest supplier

of relaying rail and track material

in the United States. From the

commonplace to the obscure,

we have the supplies you need...

on hand.

• You'll get action. With their

24-hour-a-day communications

network and 38 storage yards

coast to coast, our national

operations team will get your

order moving. Fast.

ASK FOR OOR FREE CATALOG,

(^
A & K Railroad Materials, Inc.

P.O. Box 30076
Salt Lake City, 018413

Call Toll-Free (800) 453-88
TLX 389-406 A &KSLC



RAIL THREADER
A Universal rail threader for laying CWR.
grabs rails in any position and rolls the rail

upright. Zero ground clearance permits the

rail to be laid directly onto the plates. The
"Grab N' Thread" has four hardened self

aligning steel rollers that ride under the

head of the rail and require no support.

Heavy duty construction with replaceable

taper roller bearings. Safety latch locks

threader in closed position. The Grap N'

Thread was designed with special high

strength alloy steel rollers, that have a

hardened wear surface. We offer two dif-

ferent size rollers that are interchangeable.

One size fits rail up to 1 1 2 lb., and the other

fits 112 lb. rail and larger.

The Grab N' Thread rollers are designed to wear approximately 5/16"

without damaging the roller bearings or allowing the rail to slip out.

131 lb. RAIL

NO ROLLER WEAR
112 1b. RAIL

MAX. ROLLER WEAR

—



Manufacturers
Since 1938

The Original

HI-BALL

OIL BURNING SWITCH HEATER
BURNS 4 DAYS

i

MISSISSIPPI SUPPLY COMPANY
20-A Railway Exchange BIdg.,

611 Olive St.

St. Louis, Missouri 63101

Phone: Area Code 314 - 231-0930

liiilJjiHiiiii)

SEALTITE HOOK BOLT

Fastens timbers and ties to steel beams. Easy

to install, long-life. Fins prevent turning.

Spring lock tiolds tension.

SEALTITE SPRING LOCK

Maintains tension as timber

changes by weather or wear.

SEALTITE DOME HEAD DRIVE SPIKE

Fastens timbers and plank decking on grade crossings,

bridges and docks. Wide, smooth head seals opening,

wears wel

LEWIS WASHER HEAD TIMBER DRIVE SPIKE

Fastens highway crossing planks, bridge guard rails and

general timber construction. One-piece head. Easy to

install and remove.

e BOLT & NUT COIVIPANY

504 MALCOLM AVE. S.E., MINNEAPOLIS, MINN. 55414



Serving the railroad industry

with technology you can depend on.

Call on Teleweld for field-proven

rail maintenance systems: service

and equipment.

SERVICE Rebuilding of Frogs, Crossings,

Switches • Rail End Reclamation • CWR
Joint Repair • Thermite Welding

EQUIPMENT Rail Heaters • Rail Grinders •
Power Cars • TELEFLEX Equipment Cars
•CWR Heating Cars • CWR Cooling Cars •
SONIRAIL Flaw Detectors • Power Plants

• TELEBRINELLER Hardness Testers

Call or Write for new corporate booklet, showing

capabilities and product line. Details and

specifications of any service or equipment listed

also available.

TELEWELD, INC.
Dept. 11, 416 No. Park St., Streator, IL 61364
Phone: 81 5/672-4561 TWX: 510-359-0897

NOW OPEN— TELEWELD FIELD SERVICE
CENTER and WELDING SCHOOL
1555 Hawthorne Lane, West Chicago. IL 60185



our specialty. .

.

effective sighs for the Railroad and

Transportation Industry . . . crossbucks

caution, depot & station, track, targets,

caboose markers, trade mark decals,

any standards, plus caution styles

that you may be considering . . .

we can make them ALL . . . and at

sensible, economical prices!

"Service so good . . . it's Better

than having your own sign shop!"

POWER PARTS
I860 North Wilmot Avenue • Chicago. Illinois 60647

COMPANY
312) 772-4600 • TWX 910 221-5507



Neoprene
Bridge Bearing
Pads

Meets A.R.E.A
specifications

Neoprene bearings
between bridge
girders, beams, and
abutments absorb
thermal expansion
and contraction
better than mechanical
assemblies.

Neoprene's resistance
to weather-aging,
compression set, oil,

and ozone insures a
long service life and
no maintenance in

this application.

Use Neoprene Bearing Pads for

Elevated roads, Walk ways, Col

• Accommodates thermal
movement

• Provides uniform load"

transfer

• Prevents structural fatigue
from expansion-contraction
and vibration-shock

• Available in hardness,
durometer A, grades 50, 60,
and 70

• Neoprene bearing pads
withstand temperature's from
-50° to +200° F.

• Durable and maintenance-free

• Isolates components of
bridges, building, or structures
against vibration, noise, and
shock

: Rails, Bridge spans. Approach ramps,
umn to footing isolation.

B

HLC^ I manufacturing and supply co.

1848 Wilmot Avenue • Chicago,
Phone: (312) 452-6480

I. 60647



the solution
toa rotten

TM

"Add years to the life of your
ties and timbers for a fraction of

their replacement cost."

i

:5 ACTUAL
SIZE

Would you pay a fraction of replacement costs to extend the

life of your timbers and ties? With replacement costs increas-

ing annually, Tie-Gard^" is the answer. Tie-Gard^" is the

clean way to treat, in-place. No spray— just insert Tie-Gard^"

cartridges into the unused spike holes or treatment holes

bored in critical stress areas. Tie-Gard^" preservatives are

absorbed into wood by osmotic action, spreading fungus

protection quickly and effectively.

FOR FREE SAMPLE OF
PRODUCT AND ADDITIONAL INFORMATION,

CALL TOLL FREE 1-800-356-5952

RAILROAD DIVISION
4546 Tompkins Drive
Madison, Wisconsin 53716
Phone 608-221-2292



THE HIXSON RAIL FASTENER
for

DRIVE-ON APPLICATIONS
OVER 2800 POUNDS LONGITUDINAL RESTRAINT

1. Wood Ties
Employs standard HIXSON clip of tough spring steel with cast steel base plate

that fastens to the wood tie with either track spikes or screw spikes. Base plate

has 1:40 cant. Clip designed with positive lock will not loosen — reduces

maintenance cost. Removed with Standard Track Tools by experienced track

person — making a vandalized proof track.

2. Concrete Ties.
Uses same clip systems as wood lies — but with cast steel concrete Insert —
insulated or non-insulated.

3. Concrete or Steel Structures.
Same Spring clip system; resilient base pad fastens directly to the concrete or

steel structure. Spring rates from 80,000 lb/in. to 300,000 lb/in. can be

provided; excellent electrical and noise abatement properties.

Transit

The Hixson Rail Fastener is available exclusively Irom:

Products,Inc.
846 South Central Avenue • Atlanta. Georgia 30354 •USA

Telephone: (404) 76e-€060



Thetime-savingtrade
maintenancei

4

Whether your track maintenance calls

for on or off track equipment, tough

equipment for large jobs.. .or tough

auxiliary equipment for small jobs.

Marmon Transmotive has a better way
In addition to our versatile performers

like the Switch Undercutter Tie Un-

loader and Yard Cleaner. Maimon
offers the industry's finest Portable

Ramp for track machinery Together

they can make your maintenance

team a lot more efficient, because they

cut time, labor and operating costs.

TheMarmon Jimbo Tie Unloader in-

creases speed and safety.

Can be placed atop standard gon-

dolas of varying heights

• Places ties in any proximity from
the car

• Reloads ties or O.TM.
• One man operation

The Marmon Switch Undercutter

cleans turnouts in two passes.
• No advance excavation

Casts material into rail cars, trucks,

or aside

• 14-foot under track cutter bar

• Rotates on a built-in turntable

• Can handle, and dump, air dump cars

The Marmon Yard Cleaner is rugged,

thorough and fast.

• Casts material into rail cars, trucks,

or aside

• Can handle, and dump, airdump cars

• Off-track capabilities

• Rail web sweeps optional

• Electric power for rotary functions

• Protected rear broom with long life

housing liners

The Marmon Portable Ramp elimin-

ates the need for cranes.
• Loading and unloading ramp for track

machinery
• 100,000 pound capacity

• 4-foot incremental lengths, plus or

minus 62 feet

• Erected or dismantled by two men —
no crane required

• Heavy wall rectangular tubing

•Weight, 7200 lbs. (62' model)

Marmon Jimbo Tie Unloader

Marmon Switch Undercutter

Marmon Yard Cleaner

Marmon Portable Ramp

Railway Products Division

Marmon Transmotive.
A division of the Mamion Group. Inc.

RO. Box 1511. 3001 East

Governor John Sevier Highway

Knowille. Tennessee .37901

61,^-525-6224



JttUunont
RAILWAY MOTOR CARS

AND WORK EQUIPMENT

^^^^



B. C. HAMMOCK
CONSTRUCTION CO
RAILROAD CONTRACTORS

SPECIALISTS FOR OVER 1 5 YEARS

• New Track Construction

• Repairing Old Tracks

• General Maintenance

• Site Preparation & Excavation

P.O. Box 577

Gray, GA 31 032

Phone: 743-0470



A COMPLEX
CROSSING

Thisliglb. R.E. rail

complex crossing, a crossing

within a crossing, is an example of the

highly technical engineering and
craftsmanship developed by Nelson Iron

Works to meet industrial railroad track

requirements.

We specialize in the manufacturing of

railroad track material, such as frogs, switches
and crossings.

Complete Trackwork Catalog available on
request— no obligation.

NELSON,
IRON wiroxKS. inrc

Mailing address: P.O. Box 80816, Seattle, Wa. 98108
3423 Thirteenth Ave. S.W., Seattle, Wa. 98134
Telephone: (206) 623-3800



A DOZEN (and one) WAYS Xo/^
IMPROVE your M/w PROGRAM

THE NEW ONE
TIE SAVR

A O'y r,fT>[.; ,.r.iT ! - ,- ;,.|...

D'PiP'wst'wt b' z crhc
cnemica'i add* f-

"
: P vpfl'«.

PLUS A FULL SELECTION OF HYDRAULIC TOOLS Mf "e f «m
racine
RAILROAD PRODUCTS, INC.

1524 FREDERICK STREET RACINE WISCONSIN 53J0J

A
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AERODUCT AIR BRAKE HOSE
AAR Specification M-601A-68

AERODUCT meets or exceeds the current specs for

braided air brake hose with a performance comparable to

wrapped hose. AERODUCT has neoprene tube and cover

and polyester braid layers for strength and flexibility. Sizes
1%" X 2 Braids x 22" (packed 50 pes. per carton) and 1%" x

2 Braids x 60 Ft. (packed one per carton.)

For more information, call or write Thermoid Division,

H.K. Porter Company, Inc., Porter Building, Pittsburgh, PA
15219.

BF^R PRODUCTS BY DESIGN



THE RARE QUALITY OF SIMPLICITY
'>« (
I III

EVERY DAY 77.177- US. DRIVERS WAIT THEIR Ji -ji^
TURN TO DRIVE ACROSS THIS FABRACAST —

^

RAILROAD/HIGHWAY GRADE CROSSING

FABRACAST — # ONE IN USA

YOU DONT HAVE TO WAIT TO HAVE
FABRACAST IN YOUR CROSSINGS

Simply call: LOU' S2ARKA
vice-president extraordinaire

or write: SZARKA'!!'

•oil season traldc

count (ADT) is

38.000 vehicles

per day



How to bring
your weed
problem to a
screeching halt.

.0;

Call your Ciba-Geigy railroad specialist.

You've counted on his experience in the past.

You can rely on his know-how again to cie\'elop the

right herbidde program for your needs. It'll mean
the end of the line for vour toughest weeds and
grasses. And the start of full-ser\dce field support

that doesn't let up just because the weeds do.

To put vou in touch v\'ith the railroad specialist

nearest vou, call or write the Railroad and Indus-

trial Herbicide Sales Department, CIBA-GEIGY
Corporation, P.O. Box 11422, Greensboro,
NC 27409. Telephone: 919-292-7100.

"• ? fta-Ge^ Coq»rat)on

CIBA-GEIGTI



railroad builders, inc

Railroad Engineering, Construction

Rehabilitation, and Take-up

"fiy the foot or by the mile"

4039 South Santa Fe Drive

Englewood, Colo. 80110
303 761-1994

BURRO
LOCOMOTIVE CRANES

and
MAINTENANCE-OF-WAY
ACCESSORIES
Panel Track Lifters

Multi-rail Lifters

Rail Threaders—CWR or Jointed

Rail Tongs
Ditching and Brush Cutting

Equipment
Modernization and OSHA
Equipment Kits

BURRO
BURRO CRANE INC.
1300 S. Kilbourn Ave Chicago. Ill 60623
312/521-9200

CONSTRUCTION
EQUIPMENT

• Hi-Rail Telescoping

Boom-Type Excavators

• Hydraulic Excavator

—

Tractor-Type Crawler

• Hydraulic 40 & 55 Ton

Self-propelled Cranes

CONSTRUCTION EQUIPMENT CO

1300S. Kilbourn Ave Chicago. HI 60623
312/521-9200



FULL-LINE
SUPPLIER
OF RAIL SIGNALING CONTROL SYSTEMS

For more than 75 years, GRS has been a world leader in the

design and nnanufacture of transportation control systems -

and equipment -- for every type of railroad. Here are a few

examples:

SYSTEMS

• Automatic train control

• Computer-controlled cTc

and NX interlocking

• Computer-controlled automatic

car classification

• Automatic train operation

• Coded track signal control

• Rail-highway crossing warning

• Cab signals/speed control

• Automatic block signaling

EQUIPMENT

• Electric switch machines

• Safety relays

• Wheel presence detectors

• Car retarders

• Color - light signals

• Highway crossing flashers

• Traffic control consoles

• Rectifiers and transmitters

• Hot journal detectors

• Electric switch locks

Plus many more. For more information about how we can

help you, see your GRS sales engineer or write for Bulletin 200.

(^Hm^
GENERAL PAIL\A/AY SIGNAL

A UNIT OF GENERAL SIGNAL
ROCHESTER NEW YORK 1dS02

3722



NABLA-
FORTAX

safely - durability - economy
selected by the French Railways for the new TGV high speed line and for its whole network, as well as by

other leading railways in the world Outcome of 35 years of experience and 500 million elastic fastenings

in 50 countries. Specially developped for continuous welded rail on wood, concrete or metal ties

STEDEF 1 1 7 buraaui 6» la Collin* - 922t 3 SAINT-CLOUD CEOEX
. Franc* -T*l.(1) 602.70.85 -Tx: 200 888 F
' STEDEF INC 7657 L**»burg Pik* Tyaon* Cfflc* Parli 14

FALLS CHURCH VA. 22043 U.S.A. • T*(. (703) 790-8777 Tl : 901 124



f
STM

THE VERSATILE TAMPER . .

.

Designed for today's busy work schedules,

this Tamper offers big tamper quality on a

smaller tamper frame. Driven by a Perkins

Diesel and a 3-speed hydraulically driven

transmission mXh chain drive to the alloy

steel axle, the STM tamper track travels at 30

MPH. By using Tamper's proven vibratory

squeeze method of tamping, it assures

uniform consolidation of ballast under the

tie. Working in tandem v\/ith our bigger tam-

pers, the STM produces quality track and

speeds tandem tamping operations by

decreasing the number of ties the main tam-

per tamps. As a tamper, the STM can handle

your tamping requirements.

SEE YOUR NEAREST TAMPER REPRESENTATIVE TODAY.
i

Ibmper^r
2401 Edmund Road
West Columbia
South Carolina 29169
Tel. (803) 794-9160
Telex 573423



Another PLASSER Cost-Cutter
It's the Plasser Ballast Compactor PBC-800. Giving

you the instant track stability following out-of-face

operations.

d Outside crib units compact ballast in adja-

^i cent cribs while vibrating plate compacts
ballast at tie ends.

Here's how the PBC 800 operates: Compacting units work in two adjacent cribs

simultaneously. Four units work in each crib, one inside and one outside each rail.

They apply a combination of pressure and vibration. Compaction of the ballast at

the tie ends is achieved by a vibrating blade 8 inches wide and more than 7 feet

long, which overlaps in successive positions, resulting in continuous compaction.

A static-loaded, non-vibrating shoulder blade retains ballast in the shoulder area.

The PBC is fully hydraulic, is one-man operated and works at high speed.

Plasser American
2001 MYERS ROAD, CHESAPEAKE. VIRGINIA 23324, (804) 543-3526

CORPORATION



For Better Railroad Ties

Here's one of the best deals to hit railroading since the diesel

engine.

Prestressed concrete crossties . . . from Santa Fe-Pomeroy.
Not only special to look at,

they also offer a boxcar full of

benefits. Near immunity to

weathering, fire and termites.

A life expectancy double that of

wood ties. Plus greatly reduced
maintenance costs.

Concrete crossties lessen
rolling resistance . . . help the

track retain its geometry. Trains

can run faster and safer . . . with

less fuel consumption.
They are Amtrack's choice

for renovating the high-speed

Northeast Corridor.

Santa Fe-Pomeroy has been
making prestressed concrete

crossties since 1957.

If you want to profit from the

advantages of concrete cross-

ties, write or call today for detailed information. Our technical

staff will respond promptly to your inquiries.

Manufacturing plants in Massachusetts, Georgia and California

IL-y Santa Fe-Pomeroy, Inc.

A Subsidiary of Santa Fe International Corporation

500 Hopper St.. Petaluma, California 94952 • (707) 763-1918

The Santa Fe that works FOR the railroads



One complete service.

Lowest cost per mile.

* A complete, objective test

of each rail from end to end.

^ Simultaneous ultrasonic and
induction detection methods.

*Sperry far surpasses every other
rail testing service in efficiency,

thoroughness and research.

*One mileage charge pays
for everything.

*The lowest real cost per mile
and per defect found.

Details and technical assistance on request.

Jk
AUTOMATION INDUSTRIES, INC.

SPERRY RAIL SERVICE DIVISION
SHELTER ROCK ROAD
DANBURY, CONNECTICUT 06810
(203)748-3581



New Insulated Gauge Rods
(PATENT PENDING)

(Models #334 & 734 below)

Stronger, yet less conductive.

Insulating joint stronger than steel.

Insulating components cannot deterioriate.

10 times insulating capacity of other models.

Universal — one size fits all sections.

-^

Universal Non-Insulated Gauge Rods
(Models #3364 & 6473 above)

If Offer the most competitive pricing.

^ Meet or exceed all RR requirements.

^ Uniquely "forged 'J' bend" insures

maximum strength

^ Quantity discounts available

on all models.'
6202 RAILROAD AVE. OMAHA, NEBR. 68107

CALL TOLL FREE 800-228-91 12

Comet Journal Bearing Lubricator
(RR #120 shown below)

The most efficient & economical Journal

Bearing Lubricator available.

Delivers grease in cold weather.

Sizes available to fit all refinery pails

or drums.

32 by 1 ounce

meter

Unconditionally

guaranteed

Portable

High pressure

Balanced action

Vacuum loaded

No Priming

I

EQUIPMENT
COMPANY, INC.

Successful In-IVack Thermite Welding
around the World for over 75 Years.

New track construction

Improving old trackage

Welding compromise joints

Why bolt? When you can have smooth
welded joints that are stronger than the

original rail? Our proven Calorite

process has been used around the world

since 1903 to reduce maintenance cost

on rails and rolling stock. Let us
show you how it works.

CALORITE,INC
506 W. Winthrop St. • Addison, III. 60101 (312) 543-8699

I



P.O. BOX 3575/ ST. PAUL, MINNESOTA 55165-0575

(612) 429-6561

1-800-528-6050 Ext. 1593

TELEX No. 669401 Attn. RRC

manufactured: east coast—midwest—west coast

Square Eight Uni-Panels (Patented)

Hevi - Duty, X - Hevi - Duty and Super Hevi - Duty

Non-Slip Epoxy coated Steel Grade Crossing Surfaces

Associate Member

u
uttttHK

Hi'



DIRECTORY OF CONSULTING ENGINEERS

FRANK R. WOOLFORD

Engineering Consultant—Railroads

24 Josepha Ave.

San Francisco, Co. 94132

(415) 587-1569

246 Seadrift Rd.

Stinson Beach, Ca. 95970

(415) 868-1555

L

FREDERICK A. KAHL
CONSULTANT

Lightning and Surge
Voltage Protection

Signals—Microwave

—

Power—Locomotives
P.O. BOX 58 805-969-5998

SUI\AI\AERLAND, CA. 93067

Sverdrup & Parcel
and Associates, Inc.

Railroads • Transit • Tunnels

Bridges • Electrification

• Design
• Planning
• Construction Management

Boston • JacKsonville • New York • Phoenix

San Francisco f Seattle • St. Louis • Washington DC

® Colder Associates
CONSULTING GEOTECHNICAL
AND MINING ENGINEERS

2950 Northup Way
Bellevue (Seattle)

Washington, 98004

Tel (206) 827-0777

DENVER
TUCSON
ANCHORAGE
ATLANTA
HOUSTON
WASHINGTDON DC

Route selection, soil

and rock slopes,

tunnels, retaining

structures, bridge

foundations, landslide

control, groundwater

studies.

CANADA • U.K. • AUSTRALASIA

BAKKE KOPP BALLOUli McFARLIN.INC.
CONSULTING ENGINEERS

Bridges

Special & Heavy Structures

Investigations & Reports

7505 WEST HIGHWAY SEVEN
ST. LOUIS PARK, MINNESOTA 55426

(61 2) 933-8880

Parsons Brinckerhoff CENTEC, Inc.

Railway Consultants

8200 Greensboro Drive

Suite 1000
McLean, Virginia 22102
703-442-7740

One Penn Plaza

New York, NY 10119
212-239-7900

30 National and International Offices

bodkind
ODea,Inc.

ENGINEERS

PLANNERS

RAILROADS • RAIL FACILITIES • BRIDGES

PLANNING • DESIGN • INSPECTION

Clifton, N.J. New Yorlc^ N.Y.

Hamden, Conn.



DeLEUW
GATHER
Oe Leuw, Gather & Company
Engineers and Planners

1211 Connecticut Avenue. N W
Washington, DC 20036

(202) 828-3800

Offices in Chicago and San Francisco

Railroads

Signals and Communications
Rehabilitation

Trackwork Design
Electrification

Main Line Facilities

Terminal and Maintenance
Facilities

g»»Nam*m* t^tU^uuUmt iStuatUmf StfU4 Sim44 ff4S

CONSULTING CIVIL INOINICR*

DILLSBURG. PENNSYLVANIA 170I»

TAMS ENGINEERS &
CONSULTANTS

PLANNING, DESIGN, INSPECTION
ENGINEERING MANAGEMENT

• Railroads & Mass Transit

• Bridges & Tunnels
• Transportation Planning

Tippetts-Abbett-McCarthy-Stratton
The TAMS BIdg., 655 Third Ave, N.Y., N.Y. 10017

Anchorage • Boston • Wathington, D.C. • Seanle

TRANSPORTATION
PLANNING

and
ENGINEERING

for

RAILROADS
and

MASS TRANSIT

Cleveland Akron 216/283-4000

Washington 202/872-8720

^N DREWS CONSULTING

'-'^LARK tNOINtEdS

NAIL k HIOHWAV SYSTEMS

PUBLIC WONKS FACILITIES

THANSPONTATION AND
URBAN DEVELOPMENT

STRUCTURAL EVALUATION k DESION

CONSTRUCTION INSPECTION

306 EMt 63"* SI G«t««»»y On*

N*w York. NY 10021 N.wlrk. H J 07102

212'838.2eO0 201 623 -3336

PITTSBURGH TESTING
LABORATORY

Serving Railroad Industries

since 1881

50 Laboratories

in Principal Cities

Headquarters: Pittsburgh, PA

(412) 922-4000

Nationwide Inspection—Testing—Analysis

TRANSPORTATION CONSULTANTS
RAILROADS MOTOR CARRIERS PUBLIC TRANSIT INDUSTRIAL

•()pcr;ilions • Xci^uisilions ,ind Mergers •Planning

• Valiialions •Rcurgani/.ilions •Financial

WYER, DICK & CO.
I A SiibsKliarv i>f Idwards ami Kclccv. Inc I

Rostnn. MinnrapolK. New York. Ptnladrlphia

Crntral OtTtcr: 70 St>. Orangr \vr.. I ivingslon. N.J. 07039

1 20 1 1 <><»4 3494



EDWARDS AND KELCEY
70 SOUTH ORANGE AVE., LIVINGSTON, N J. 07039

PLANNING • ENVIRONMENTAL STUDIES

DESIGN •CONSTRUCTION MANAGEMENT

RAIL AND BUS TRANSITWAYS
RAILROADS, TERMINALS, TUNNELS
BRIDGES, PARKING, UTILITIES

Boston .Mlnneopolis • New York • Philodelpdlo • Woshington, DC

TurnerCollie(c5Braden Inc.

( onsultiiK f riKir AUSTIN

OAllAI

fLPASO

HOUSTON

P O Box 1 i089

Houston TeKJs 77019

S7S7Woodv>.ay

(7n)78O4ir>0

PORT ARTHUR Telp>'7 41BS

w RALPH WHITEHEAD & ASSOCIATES
Consulting Engineers

1936 East Seventh Street

P. O. Box 4301

Charlotte, North Carolina 28204
704-372-1885

BRIDQES • HIGHWAYS • RAILROADS • RAIL t BUS TRANSIT • AIRPORTS

BRANCH OFFICES

3300 NE Expressway, Atlanta, GA 30341 (404) 452-0797

1033 Wade Avenue, Raleigh, NC 27605 (919) 832-0563

URBAN ENGINEERS. INC.

Consultants . Planning . Design . Inspection

Railroads . Rail Transit . highways . A'irports

Track . Bridges . Structures . Roadway . Stations . Terminals

Operations Analysis . Envircnnental Impact Studies

Construction Management

19T>I STREET s DELANCEY PLfCE
PHILADELPHIA, PA. 19103

(215) KI 6-3222

BaltiiT\ore . Buffalo . Camden . Erie

Transportation Engineering "J^jliij
Valuation • Design • Construction • Training d-^'MWP*
2 Broadway. New York. 10004 • 12121 344 3200

SaltL4k«City

Sao Paulo Engineers-Constructors

>^ Bennett-Carder
^^ & Associates, Inc.

Engineering Services

507 Fifth Street

Rock Springs, Wyoming 82901

(307) 382-5445

COWIN & COMPANY
INC.

Mining Engineers and Contractors

Phone 205-780-7700

1 South West 18th Street

Birmingham, Alabama 3521

1

Tunnels

—

Construction, Repair, Enlargement,

Consulting

M A.J. HENDRY, INC.
I

CONSULTING ENGINEERS I

1512 PIONEER BUILDING ST. PAUL. MN 55101 16121 222-2787

•RAILROADS *RAIL TRANSIT
• SIGNALS •COMMUNICATIONS •ELECTRIFICATION •AUTOMATION

• ELECTRIC UTILITIES •LANDLINE COMMON CARRIERS •PIPELINES
•INDUCTIVE COORDINATION •ELECTROMAGNETIC INTERFERENCE



BERNARD JOHNSON INCORPORATED
ENC/.VEEHS • ARCHITECTS • PLASSERS

THrkwork. • Terminals • Railroad Relocation

Maintenance Kacilities • Signalization

Bridges (Design. Rating. Rehabilitation!

Communication Systems • Systems Evaluation

Operations Analyses Equipment Modernization

5050 WESl HEIMER • HOl'STON. TEXAS 7.7056

7I3'622-1400

HOUSTON • WASHINGTON. D.C. • ATLANTA

HARDESTY & HANOVER
Consulting Engineers

BRIDGES — FIXED and MOVABLE

HIGHWAYS and RAILWAYS

SPECIAL STRUCTURES

Design, Inspection, Valuation

1501 Broadway New York, NY. 10036

Jersey City, N J.

Railroad* • Ropid Transit

Electric TrocHon Power

Signals and Train Control

Communications • Substations

Operations Analysis and Simulation

Power Generation • Urban Planning

Gibbs S HilL Inc.
ENGINEERS. DESIGNERS. CONSTRUCTORS
393 Sevenlli Avenue, New York, N.Y. 10001

A Subsidiary of Drovo Corporation

K-^ HARRINGTON & CXDRTELYOU, INC.

Consulting Engineers

1004 Baltimore, Kansas City, Mo. 64105
Teleptione: 816-421-6386

RAILWAY AND HIGHWAY

• FIXED AND MOVABLE BRIDGES •

• Condition Inspections
• Investigations & Reports

• Design, Construction Plans
• Contract Docunnents

• Constnjction Supervision
• Cost Negotiations

ALFRED BENESCH
& COMPANY
CONSULTING ENGINEERS

233 NORTH MICHIGAN AVENUI
CHICAGO, ILLINOIS 60601

Rallroadf— Highways— Airports

Bridges — Buildings — Subways

Reports — Construction Observation

CONSULTING ENGINEERS
PLANNING
DESIGN
SUPERVISION

POPT DEVELOPMENT
BULK HANDLING SYSTEMS
OFPSMORE TERMINALS

(818) BBS 8700 S7S LEXINGTON AVE
TELEX 2249S9 NEVA/ VOPK NY 1 D032
'iSS'iyB CABLE BULKONSULT

SANTIAGO SYDNEY

ter
Engr^eers Arctntects PtAnner^

Booker Associates, Inc.
1139 Olive Street

St. Louis, Missouri 63101

343 Waller Avenue
Lexington, Kentucky 40504

10905 Fort Washington Road
Fort Washington, Maryland 20022

THOMAS K. DYER, INC.
Consulting Engineers

Railroads Transit Systems

Track, Signols, Structures

Invctljgotloni ond Ftoiiblllty Rfporls

Plonning , Detign, Contract Oocum«nft

1752 Mossochuselts Ave.iue

Lexington, Moss. 02173

;GI7) 862-2075
Woshinglon, D.C. Chicogo, III.

(202)406-7755 (312)663-1575



HAZELET & ERDAL

Consulting Engineers

Design Invesflgations Reports

Fixed and Movable Bridges

150 So. Wocker Dr., Chlcogo, III. 60606
Uultvtile Cincinnati

ROBERT W. HUNT COMPANY
INSPECTION & LABORATORY TESTING SERVICES
Rail, Trackwork, Rolling Stock & Structural Inspection

Serving The Railroad Industry Worldwide
Since 1888

26 US. Locations, 8 in Europe & U.K.

810 S Clinton Street

Chicago, Illinois 60607
312/922-2872

Telex: 25-3176

Ji J
Headquarters:

STV ENGINEERS
Planning, Design,

Construction Management
STY Engineers Member Firms Offices:

Sanders & Thomas, Pottstown, PA
Seelye Stevenson Value & Knecht,

New York, NY. and in other major cities

Griffith Towers. Pottstown, PA. 19464 (215) 326 4600

the southwestern railroad

construction co., inc.

toHroQ)i

Auodotton

The Railroad People

Specializing in Route 3-Box 1 86N

Railroad Construction Amarillo, Tx 79107

Maintenance (806) 383-9351

Consulting

trxk
A • < C C C u I

RAILROAD / RAPID TRANSIT ELECTRIFICATION
• FEASIBILITY STUDIES • SYSTEM DESIGN
• UTILITY IMPACT STUDIES • POWER CONTROL
• SUB STATION DESIGN • CATENARY DESIGN
• STRUCTURES • TELECOMMUNICATION INTERFERENCE
• PROJECT MANAGEMENT •QUALITY ASSURANCE

6525 Belcrest Rd., Suite 209, Hyattsville, MD 20782

Telephone: (301)779-6868 Telex: 89-8387

MODJESKI AND MASTERS
Congulting Engineer*
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formance with laboratory testing and progressing the studies until economic analysis can be

made of various ballasts."

A proposal for the long-range ballast testing program has been presented to the Executive

Director. The Committee requests comments and possible further instruction from the Board

on this matter.

3. Natural Waterways.

A draft for a revision to Sections 3.1 through 3.3.3 of Chapter 3 has been produced to

reflect continuing technical progress in the field.

The study of the use of geotextiles and precast concrete units for erosion control is

continuing with report to come in 1982.

Recommend continuing erosion control study for report in 1982.

4. Culverts.

The entire Part 4 has been re-written using decimal system and approved by entire

Committee subject to minor corrections. Aluminum pipe has been included in this paper as

well as large diameter pipes referred to in assignment (a). The large diameter pipes are being

submitted to Committee 15 for checking.

It was noted that a gap exists between Subcommittee 3 and Subcommittee 4 assignments

that has to do wtih determining culvert size once the watershed characteristics and runoff have

been obtained.

Article 3.3. 1 in the Part 3 text refers one to Part 4 for "design of structure to accommodate

flow." As it now stands Part 4 does not cover that part of structure design to accommodate

the flow. It is recommended that Subcommittee 4 be assigned the task of incorporating the

feature into Part 4 in 1982.

5. Pipelines.

Work on assignment (a) and (b) are continuing. A new chairman has been appointed to

the subcommittee. A report will be made in 1982.

6. Fences.

Work on revision to decimal format will be completed in 1982. Work is progressing on

manual revisions for such items as security fences, guard rail (barricades) snow fences and

removal of electric shock fences.

8. Tunnels.

The Manual revision that incorporates the decimal format has been approved by letter

ballot and submitted for publication. This subcommittee will now be deactivated.

9. Vegetation Control.

Expansion of the glossary has been made, approved by letter ballot and submitted for

publication.

Work is progressing on other items in assignment (a), that is, the chemical use chart and

environmental impact statement.

Ad Hoc Committee on Fabrics.

The final report on the first phase of fabric testing will be furnished in December.

The Committee on Roadway and Ballast,

W. J. Sponseller, Chairman
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Ties and Wood Preservation

J. E. HiNSON, Chairman

J. B. Miller, Vice Chairman

C. L. Hardy, Secretary
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C. P. Bird

E. M. CUMMINGS
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(E) Member Emeritus

Committee

Those whose names are shown in boldface, in addition to chairman, vice chairman and

secretary, are subcommittee chairmen.

To the American Railway Engineering Association:

Your Committee reports on the following subjects:

A. Recommendations for further study and research.

This committee is looking for legitimate ideas and recommendations for further study and

research on this old but honored track component—the wood crosstie. With tighter budget

controls in place at FAST, we will likely be looking to this committee for some ideas and

concepts.

Currently we are observing closely the development and testing of such things as:

1. New rail fastening systems for use with wood ties.

2. The use of larger, heavier tie plates.

3. The use of new wear control devices—such as steel multi-nail plates positioned under

the tie plate.

4. The use of new end split control devices—such as the placement of multi-nail plates

in the ends of wood ties.

5. The recycled or reconstituted crosstie.

6. Two-piece steel dowel laminated wood ties.

7. The development of glue-laminated wood ties.

In short, we are looking at new types of wood tics, as well as trying to find ways to make

what we now have last longer in track.
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B. Revision of Manual.

No activity is planned for the immediate future. However if significant changes do occur

in crosstie material specifications, preservative or treatment specifications, this committee, of

course, will work with the appropriate crosstie industry group or groups to achieve satisfactory

standards and appropriate manual revisions.

1. Metric Conversion. We have had no activity and no change in the status of this

assignment.

2. Cross and Switch Ties. This committee feels that some revision and updating of our

crosstie specifications is now in order and will be working toward that objective in 1981-82

under our assignments (a) and (c). In compliance with our on-going assignment (b), the

committee visited and inspected the Koppers Company crosstie treating plant located on the

Chessie at Green Springs, West Virginia. It was found to be well equipped, clean and efficient

and treating both hardwood and softwood railroad materials.

This committee is also currently engaged in studies to determine the most efficient and

cost-productive answers to the following questions:

1. Old crosstie removal from track and disposal of them afterwards.

2. What is the best, longest-lasting method of branding or marking crossties with the year

or date of preservative treatment.

3. Wood Preservatives. Although there is not report at this time, I might add that we do

have some discussions going on related to the development of water-soluble pentachloro-

phenol, under our assignment (a). EPA restrictions may very well bring about some changes

in preservative standards and in the handling of treated wood products. The committee will

keep up-to-date on such matters and prepare Manual revisions as required.

4. Preservative IVeatment of forest products. We have no report at this time. However,

this committee continues to work with the Treatment Committees of The American Wood
Preservers Association in the development of new standards for the following:

1. Vapor Drying

2. Boltonizing

3. Crosstie specie separation into groups for air seasoning.

4. Treatment standards for use with water dispersable pentachlorophenol.

5. Service Records of Forest Products. Assignment (a) published separately in Bulletin

685, November-December, 1981. Concerning assignments (c) and (d), our committee has

been asked to work and cooperate with The Railway Tie Association in compiling a complete

record of all past and current crosstie tests of record on North American railroads. We
anticipate that tests of both foreign and doemstic timber species would be included, as well as

all tests that relate to the use of various type rail fastening systems and other hardware such

as multi-nail plate for split control or wear control. A complete and current file of this nature

would be of great value to the railroad industry and to the members of this Association.

6. Collaborate with AAR Research Department and other organizations in research and

other matters of mutual interest. Although there is no report at this time, this Sub-Committee

will continue to monitor progress on assignment (a). We will also be working with AAR
toward the completion of assignment (b) relating to the tests of various crosstie split control

devices on the Milwaukee Road.
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I
REMARKS:

Your committee has held three meetings this year. Ms. J.J. O'Dea and E. M. Cummings
were appointed to serve as liason officers with committees 5 and 10 respectively. L. C.

CoUister continues to monitor crosstie programs and progress at FAST.

The Committee on Ties & Wood Preser\'ation

J. E. Hinson, Chairman

>
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W. D. Kiley
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A. V. Levergood, Jr.
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B. F. Overbey
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W. C. POPHAM
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R. B. Rhode
A. E. Shaw, Jr.

L. H. Shisler

B. D. Sorrels

C. L. Stanford

D. E. Staplin

R. K. Steele

W. A. Swartz

V. R. Terrill

G. A. Thelen

E. Thomsen
G. S. Triebel
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H. J. Wilkins

J. R. Wilkins

A. W. Worth

(E) Member Emeritus

Committee

Those whose names are in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Collaborate with AISI Technical Subcommittee, welding contractors, suppliers of field

welding, rail grinding and rail testing contractors on matters of mutual interest.

An Ad Hoc Committee has revised the report "Recommendations for Fabrication of

Continuous Welded Rail" and it is currently being reviewed by the Rail Committee.

A second Ad Hoc Committee has prepared a questionnaire concerning Magnetic Particle

Testing which has been sent to the Chief Engineers of the various railroads.

2. Collaborate with AISI Technical Committee on Rail and Joint Bars in research and

other matters of mutual interest.

The committee has met with the AISI representatives and is currently reviewing long rail

specifications and the 1979 Specifications for Steel Rails.

3. Rail Statistics

No Report
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4. Update on methods and equipment for making repairs to rail and turnouts.

The subcommittee is presently studying techniques and methods of repairing alloy rail by

welding.

5. Rail Specifications, research and development.

The subcommittee has prepared a report on "Sleeve Expansion of Bolt Holes in Rail" for

information only, is currently preparing a manual revision to include steel cast by a continuous

process and reviewing sections S-2 and S-3, ultrasonic testing for proposed revisions.

6. Joint Bar Design, specification service tests, including insulated joints and compro-

mise joints.

The subcommittee has prepared "Specifications for Compromise Joints" which is cur-

rently being reviewed by the Rail Committee.

7. Effect of heavy wheel loads on rail.

No report.

8. Field welding.

No report.

9. Recommendations for interval of non-destructive testing for internal defects of rail in

track.

The subcommittee is revising their report after review by the Rail Committee.

The Committee on Rail

R. F. Bush, Chairman
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SLEEVE EXPANSION OF BOLT HOLES IN RAIL

Introduction

Despite increasing quantities of continuously welded rail being used in North American

track the problem of fatigue cracking from bolt holes still remains. Cracks are initiated at the

hole as a result of shear stresses induced by the bending moment across the rail joint magnified

by the stress concentrating effect of the bolt hole . One way of lowering the likelihood of fatigue

initiation is to reduce the service stresses. This can be done by increasing the web thickness

or reducing the bolt size but both are impractical solutions because of the costs that would be

incurred in relaying and operational procedures.

An alternate way of inhibiting the development of fatigue cracks is to induce compressive

residual stress by plastic deformation of the material close to the bolt hole. One such method

is the split sleeve cold expansion process developed by Boeing which is now extensively used

in the aircraft industry. Recent work [1,2,3] has'investigated the possibiUty of adapting the

process for the railroad industry for use on bolt holes in rail.

Sleeve Expansion Process

The process of sleeve expansion, shown schematically in Figure 1. consists of pulling a

high strength steel, tapered, oversized mandrel through a 0.012 inch thick stainless steel sleeve

located in the bolt hole. The inner surface of the sleeve has bonded to it a layer of a special

dry film lubricant and this allows the mandrel to be pulled through the bolt hole with a

relatively low amount of force. The smooth bore surface produced by the sleeve also helps to

increase mandrel life. The dry film lubricant is the key to the whole process and the bonding

is done under very closely controlled conditions to produce a smooth surface that could never

be obtained using wet lubricants in the field.

In order to perform a successful cold expansion the hole must be expanded to produce

3.5-5% strain which results in the effected region extending to '/: inch from the edge of the

hole. Cold expansion will only work satisfactorily on perfectly round holes. Therefore if, as

is often found in service, the holes have become out of round, the degree of ovality must be

determined so that the correct starting hole size may be chosen by reference to tables in [2].

Once this has been decided, the holes can be prepared by broaching or drilling. Selection of

the correct sleeve size and mandrel size for the hole diameter used are important and can also

be made from tables in [2].

Experimental Evaluation of Cold Expansion

The effectiveness of cold sleeve expansion on the improvement of fatigue resistance was

investigated by a series of laboratory tests on rail and also by a field trial.

(1) Laboratory Work [2]—consisted of a series of constant amplitude fatigue tests on 112

RE rail in bending at loading ratios (minimum load/maximum load) of 0.06 and -0.2. The

effects of fretting, hole geometry and the presence of bolt hole cracks before the application

of cold expansion were investigated. In general, the specimens containing untreated holes

failed from cracks originating from the bolt holes whereas the rails with the treated holes failed

at higher lives from cracks which initiated in regions away from the bolt holes. However, the

fretting specimens and those with pre-cracks did produce failures from the treated holes

though again the lives were longer than for untreated holes. Although these tests were

performed at considerably higher loads than actually experienced in service, in order to
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accelerate the time to failure, the authors beHeved that the experiments had shown sufficient

promise in the technique to merit a full field trail.

(2) Field IVial [3]—a 16 mile section of Union Pacific track near Silvercreek, Nebraska

was chosen for the test which ran from November, 1976 to January, 1978. The site was selected

on the basis of its high bolt hole failure rate which was running at 1.54 failures per mile per

year. The test examined four joint conditions.

(a) Nothing—joints untreated

(b) Cleaned—joints cleaned and greased and bolts tightened

(c) Broached—joints cleaned and greased, bolt holes broached and bolts tightened

(d) Cold Expanded—joints cleaned and greased, bolt holes broached and cold expanded

and bolts tightened.

The test site was inspected four times by the Union Pacific ultrasonic rail flaw detector

car during the trial and the rail failure data collected was subjected to a statistical evaluation.

The bolt hole failures from the cold expanded section were examined closely by the authors

[3]. These examinations highlighted a couple of problems that occurred during the test. The

number of treated bolt holes in the cold expanded test section was reduced since several of the

holes were too far out of round to be prepared adequately by broaching for cold expansion.

These were left in the broached condition. Also some of the failures showed that large bolt

hole cracks, up to four inches long had been present before cold expansion was applied. These

cracks had obviously been missed by the inspection prior to the trial. This was accounted for

in the final statistical analysis, a summary of which is shown in Table I.

The authors concluded that despite these two problems, which could be overcome by

using a larger starting hole and mandrel for the severely out of round holes and development

of better crack detection equipment, the results of the laboratory work and the field trial had

shown that the bolt hole cold expansion process had demonstrated its potential for improving

rail reliability.

References

[1] Lindh, D.V., Taylor, R. 0., and Rose, D.M., "Sleeve Expansion of Bolt Holes in Rail-

road Rail—Vol. I Description and Planning", F.R.A. Report No. FRA/ORD-80/5. I,

February, 1980.

[2] Lindh, D. V. and Taylor, R. Q., "Sleeve Expansion of Bolt Holes in Railroad Rail—Vol.

II Process Parameters and Procedures", F.R.A. Report No. FRA/ORD-80/5, 1, February,

1980.

[3] Lindh, D. V., Taylor, R. 0., and Rose, D. M., "Sleeve Expansion of Bolt Holes in

Railroad Rail—Vol. Ill Field Experiment Results", F.R.A. Report No. FRA/ORD-80/5,
I, February, 1980.

Table I. Bolt Hole Failures During the Field Test

IVeatment Miles Failures Failures/Mile/Year

7.96

3.93

3.31

0.63

Nothing
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Mr. Born anticipates that this assignment will be completed and the final report submitted

before December 1, 1981. However, until we can be sure that the total approval process has

been completed, it is recommended that this assignment be reworded "Review specifications

for rail anchors."

(b) Review anchor pattern for bolted rail and CWR.

This is the next assignment to be worked on. A great deal of information has already been

gathered for review and it is planned that changes will be made in existing anchor patterns.

Assignment to be continued.

(c) Review current anchor application and maintenance procedures in collaboration with

Subcommittee 7, Track Maintenance.

No report and assignment to be continued.

2. TVack Tools.

(a) Review includusion of new and additional track tools.

Preliminary plans have been prepared for a 3-lb. and 5-lb. hot cutter chisel, long and short

drift pins and a 3-inch welders flatter. A letter ballot is now being prepared for submission of

these plans to the committee membership for approval. Assignment to be continued and no

new subjects proposed.

4. Track Design.

(a) Tie plates, including pads under plates.

(1) Evaluate canted tie plate design relative to 1:20 cant vs. 1:40 cant vs. 1:14 cant vs.

1:30 cant.

(2) Evaluate tunnel and/or transit type tie plates.

(b) Hold-down fastenings.

(1) Wood Ties

The present assignments are still applicable and no new subjects are proposed. The work

of this subcommittee is being coordinated with the FAST track facility at Pueblo and it is felt

that good deal of information can be collected from this work in order to further this subcom-

mittee handling of these assignments.

5. Turnout and Crossing Design.

(a) Review of guardrails protecting turnout frogs.

Basic design geometry has been developed and has been submitted to subcommittee

membership for review and recommendations. Assignment to be continued.

(b) Review tolerances on Plan 1011.

Work on this assignment was finished, letter ballot submitted to membership and ap-

proved. However, it now develops additional corrections are required and subject should be

continued for further study.

(c) Investigate use of fastening agents for trackwork.

(1) Epoxy

Epoxy use is under study with test installations on the Union Pacific and the Canadian

Pacific. No conclusive data to date and assignment should be continued.
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(2) Swag-collar fasteners.

Swag-collar fasteners are under study with test installations on railroad crossings on the

Union Pacific and turnout frog installations on the Canadian Pacific. No conclusions yet and

assignment continued.

(3) High strength bolts.

Committee is investigating the use of A-325 and A-490 high strength bolts including

mating of nuts with proper mechanical properties. Still under review and assignment con-

tinued.

(4) Other locking devices (Mechanical.)

No investigation as yet and assignment continued.

(d) Investigate use of gage plates on turnouts to maintain gage.

Subcommittee has concluded preliminary investigation into the use of 3-M Co. plastic

(fiberglass) splice plate insulation and the study on setting of through gage plates at the toe

and heel of turnout frogs is now underway. Assignment to be continued.

(e) Develop specifications for explosion hardening of track work castings.

Preliminary specifications are due at the next May, 1982, meeting. Assignment to be

continued.

(f) Develop recommended maintenance parameters for frogs, switches, guardrails and

crossings.

Investigation into the development of maintenance parameters for frogs will be started

initially with those for switches, guardrails and crossings to follow. Assignment to be con-

tinued.

6. Track Construction.

(a) Prepare supplemental manual material for industrial track construction.

Preliminary work has been completed and a letter ballot prepared for submission to

committee membership for approval. Assignment to be continued and no other study subjects

or proposed subjects.

7. IVack Maintenance.

(a) Revise Tamping Specifications.

The original letter ballot on tamping was not approved. This subcommittee has reworked

these proposed tamping specifications and a letter ballot is being prepared for resubmission

to committee membership for approval. Assignment to be continued.

(b) Review "Manual of supplemental specifications for railroad rehabilitation projects,"

published by National Railroad Construction & Maintenance Association. Inc.

This material has thoroughly been reviewed by the subcommittee and it is their consensus

that this information is intended solely as a guidance to outside parties such as consulting firms

and governmental bodies in connection with bid proposal work, and as such should be dropped

as an assignment for further subcommittee study and action.

8. Criteria for Track Geometry Design.

(a) Study minimum tangent length required between reverse curves with spiral and

superelevation.
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The various sources of information that had been found on the subject included current

practices by various railroads, TTD Report R-309, French Railway practices and consideration

of the forces active on the cars. After reviewing this material, the subcommittee has formu-

lated a recommendation which will be forwarded for consideration by the full committee.

Assignment to be continued.

(b) Review present manual superelevation data as it relates to operation of equipment

with high centers of gravity.

Materials on this subject is being gathered and initial discussions have revolved around

the material published in Bulletin 621 and data generated by individual railroads. This subject

is still under review as other material is being sought and studied. Assignment to be continued.

Committee on Track,

R. J. Jones, Chairman



PORTFOLIO REVISIONS

Portfolio of Plans "Part I"

I. A motion was made and seconded to obsolete Part I of the Portfolio of Plans. The

objective being to eliminate a duplication of plans and details in Part II.

The following plans will become obsolete.

6-71 Sh. 1 #6 Turnout

6-79 Sh. 2 11 '-0" Straight Split Switch

6-81 Sh. 3 #6 Railbound Manganese Steel Frog and Guard Rails

6-62 Sh. 4 #6 Solid Self Guarded Manganese Steel Frog

8-71 Sh. 1 #8 Turnout

8-79 Sh. 2 16'-^" Straight Split Switch Non Insulated

8-81 Sh. 3 #8 Railbound Manganese Steel Frog and Guard Rails

8-62 Sh. 4 #8 Solid Self Guarded Manganese Steel Frog

10-79 Sh. 1 #10 Turnout and Crossover

10-79 Sh. 2 16'-6" Straight Split Switch

10-81 Sh. 3 #10 Railbound Manganese Steel Frog and Guard Rails

10-71 Sh. 4 #10 Spring Rail Frog

15-71 Sh. 1 #15 Turnout and Crossover

15-79 Sh. 2 26'-0" Curved Split Switch

15-81 Sh. 3 #15 Railbound Manganese Steel Frog and Guard Rails

20-71 Sh. 1 #20 Turnout and Crossover

20-79 Sh. 2 39'-0" Curved Split Switch

20-81 Sh. 3 Railbound Manganese Steel Frog and Guard Rails

II. The following plans will be revised or added to the existing part II of plans, upgrading

the existing plans to incorporate the designs not included in the present Part II.

Tentative Plan 401-81 will replace existing plan 401-59. This revision covers replacing the

existing spring box utilizing a spring box with a plunger activated by the horn to a spring box

with a plunger activated by the spring wing as shown on plan 10-71 sh. 4.

Tentative Plans: 616-81 Data and Sections for Railbound Manganese Steel Frogs for

Rails 112 lb. and Heavier

617-81 No. 6, 7, & 8 Railbound Manganese Steel Frogs for Rails 112

Lb. and Heavier.

618-81 No. 9, 10, & 1 1 Railbound Manganese Steel Frogs for Rails 1 12

lb. and Heavier.

619-81 No. 12, 14 & 15 Railbound Manganese Steel Frogs for Rails 1 12

lb. and Heavier.

620-81 No. 16, 18, & so Railbound Manganese Steel Frogs for Rails

112 lb. and Heavier.

These plans will be added to the existing Part II of plans and detail the medium wall

design R.B. Frog covered by plans 6-81 Sh. 3, 8-81 Sh. 3, 10-81 Sh. 3, 15-81 Sh. 3 and 20-81

Sh. 3

III. Revise the following plans currently in Part II to include in the title "Heavy Wall"

621-81

622-81

623-81

624-81

625-81
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Revisions to Plans 641-55 and 671-59

Revise plans 641-55 and 671-59 by disconnecting the rib from the underside of the

flangeway floor as shown in sections B-B & C-C on plan 641-55 and sections D-D on plan

671-59.

Revision to plans 1010-81 & 1011-81 Rail End Joint Drilling.

Revise plans 1010-81 & 1011-81 to have the Rail Joint hole tolerance to agree with rail

specification chapter 4
—

"Rail" part 2 paragraph 12.2.1 which states:

—

"A variation of nothing under and Vie" over in the size of bolt holes will be permitted"



MANUAL RECOMMENDATIONS
COMMITTEE 5-TRACK

WELDING OF MANGANESE STEEL CASTINGS IN SPECIAL
TRACKWORK

1979

(REAPPROVED WITH REVISIONS 1982)

5-5-11.1 Scope

11.1.1 The following procedure is applicable to the weld repair of imperfections in new

austenitic manganese ( 1 l-149f Mn) castings, and to the building up and repair of such castings

as may be required after periods of service.

11.1.2 Use of proper technique in the welding of manganese trackwork castings is most

essential.

11.1.3 Welding of manganese trackwork castings must not be attempted by untrained

personnel.

11.1.4 Specific reference is made to The Welding Handbook, published by the American

Welding Society, Chapter 66, entitled "Welding of Austenitic Manganese Steel," 6th edition,

section 4.

11.1.5 Welding repairs will not be effective unless good sound timber is maintained under

manganese trackwork. In the case of rail bound manganese frogs and crossings, all bolts must

be in place and tight. Guard rails must be adjusted and tight. Any irregularities in surface and

alignment must be corrected.

5-5-11.2 Welding Methods

11.2.1 The electric arc is the only welding method recommended for manganese steel

casting repair.

5-5-11.3 Electrodes

11.3.1 Only austenitic high manganese (nominal 1 \-\4% Mn) or stainless steel (nominal

14% Cr-14% Mn) electrodes or semi-automatic wires should be used. Low phosphorus grades

of manganese are recommended. The high manganese electrodes are employed for most uses.

In special applications, the stainless 14% Cr-14% Mn may provide less deformation under

impact than manganese.

11.3.2 Carbon and low alloy steel electrodes should never be used to weld manganese

steel.

5-5-11.4 Low Heat Input

11.4.1 The energy input per unit length of weld should be as low as possible. Use stringer

beads; avoid weaving. The weld bead should not be wider than %" (16 mm). A wide bead

means a slow travel speed. Travel should always be as fast as possible to keep heat huild-up

low. This is shown by the formula:

„ _ E X I X 60H
^

H = Energy input in joules per inch (mm) of weld

E = Volts

I = Arc current

S = Linear travel speed in inches (mm) per minute
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11.4.2 Excess heating will cause the metal to lose its toughness. Welding should be

discontinued in an area where base metal temperature exceeds 600T (315'Cj 'A" ( 13 mmj from

the weld one minute after the bead is deposited. Temperatures can be determined using heat

sensitive crayons such as Tempil Stiks. It should be possible to hold the bar hand on the base

metal at all times, 6" (152 mm) from the weld.

11.4.3 There is usually more than one area on a casting requiring repair. This allows the

welder to skipweld from one location to another as the metal heats up. (Remember that

manganese steel has about Va the heat conductivity of carbon steel.)

11.4.4 Preheating or postheating are not recommended for manganese steel trackwork.

If the temperature is below 0°F (
- 17°C), remove the chill only.

11.4.5 In the case of repair of "green" castings in the foundry, where acceptable, the

preheat and postheat precautions are not necessary if normal heat treatment of the castings

takes place after the welding.

5-5-11.5 Stresses

11.5.1 Direction of successive weld beads should be reversed to minimize build-up of

stresses.

11.5.2 Beads should not be started or stopped at edge of castings.

11.5.3 Peening is not considered to be absolutely necessary by some with most electrodes

or wires, slthough it helps to relieve stresses. However, peening of the crater area, at the end

of a weld bead, immediately after welding is desirable to prevent cracking, especially in cold

weather.

5-5-11.6 Preparation of Worn Areas

11.6.1 Worn areas needing welding are determined by use of a straight edge.

11.6.2 Before welding, all defective areas (fatigued metal, sand pockets, slag inclusions

or cracks), along with rust, grease, or other foreign material, must be removed by air-arc

scarfing or grinding. Air-arcing will impart less heat than cutting electrodes, and should be

used. Oxyacetylene scarfing is not recommended.

11.6.3 All work hardened material must be removed from the wheel contact surfaces.

This generally requires removal of metal to a depth of '/„." (3.2 mm) to '/k." (4.8 mm) or more.

A round ended punch is a good tool to help compare the hardened and ground surfaces with

the unhardened base metal.

11.6.4 Sharp and rolled over edges along the flangeways should be ground back and

rounded to proper AREA contour before welding is started.

5-5-11.7 Preparation of Defective Areas

11.7.1 If defective metal removal endangers safe passage of trains at normal or reduced

speeds, frogs or crossings must be removed and repaired out of track.

11.7.2 After grinding and before welding, base material must be closely examined for

hairline cracks using a magnifying glass or dye penetrant. If any are found, they must be V'ed

the full length and depth of the crack before welding. Air arcing or grinding should start at

the crack end and go towards the edge of the base metal. Air arcing should be done with fast,

straight forward motions; moving too slowly will tend to overheat base metal.
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5-5-11.8 Precautions

11.8.1 The V'ed areas should be welded first, stopping after root passes to inspect for any

new hairline cracks which may develop. If any are observed, they must be removed before

further welding may take place. If root pass is free of new cracks, apply additional weld beads

removing slag after each pass when coated electrode or flux core wire is used.

11.8.2 When welding out of track, warping of the casting can be minimized by clamping

heel and toe in a jig fixture with approximately Vi" (16 mm) to 1" (25.4 mm) thick block placed

under the center in order that an upward bow be attained.

5-5-11.9 Finishing

11.9.1 Weld beads should be applied to a slight crown in height so that when finish

grinding is completed no surface irregularities will be observed.

11.9.2 All surface irregularities must be removed by grinding to provide a smooth,

straight surface. Flangeways must be ground to the proper width and radius using flangeway

gauge as a reference. The tip of the frog point should be left yi6" (4.8 mm) low, tapering up

and back towards the heel of the frog as shown on the Standard Area plan.

11.9.3 Metal flow must be removed periodically from flangeways by grinding again using

proper gauges.

Your committee recommends that "Welding of Manganese Steel Castings in Special

Trackwork—1979" be included in the Chapter 5 index, and begin on page 5-5-10.
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Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association

Your committee reports on the following subjects:

B. Revision of Manual.

There are several Manual Sections over five years old that require updating and review.

After considerable discussion, the Committee decided to concentrate the next 12 months on

updating the following sections in lieu of starting new subjects:

—Design Criteria for Diesel Locomotive Facilities: S. D. Arndt will chair this activity as

new Subcommittee 4.

—Design Criteria for Rail Passenger Stations: J.N. Michel will chair this activity as new

Subcommittee 2 working in close cooperation with Committee 14 which is also updating their

Chapter on Passenger Stations.

—Design Criteria for Piggyback Facilities: R. E. Smith will ascertain from Committee 14

if a Buildings Chapter is required. Committee 6 can provide assistance to Committee 14 to

include what minor building requirements are necessary in their Chapter.

1. Design Criteria for CTC Offices.

Chairman P. H. Saletnik has forwarded some plans and an outline of problems to be

discussed in a report. The Committee reviewed the submission and identified a number of

railroads that have experienced similar problems. All members of Committee 6 are requested

to furnish ideas and plans of recent CTC Dispatching Officers for use by the subcommittee.

2. Inspection of Railway Buildings.

The subcommittee report was published in the November-December 1980 AREA Bulle-
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tin for information. The report will be renumbered and submitted to a full committee vote for

inclusion in the Manual. This action will conclude the work of this subcommittee subject.

3. Design Criteria for Locomotive Load Test Compartments.

Chairman S. D. Holt revised the report based upon discussions from the January meeting

and from comments received from the subcommittee. The report has been generally sim-

plified. Subcommittee members will be asked to vote on publishing the report for information

only.

4. Roofing Systems.

Chairman K. N. Kerns furnished a final version of the report reviewed by the entire

committee at its January meeting. The report was distributed to the committee at its January

meeting. The report was distributed to the committee for a vote recommending publication

for manual material. The changes recommended at the January meeting have been made. This

will conclude work on this subject.

5. Architectural Education.

This committee recently finished a design competition with an estimated 400-500 students

taking part. Display of the ten top designs were shown at the annual meeting in Chicago. We
expect to hold another competition within a few years with the problem being a yard office

at Humptower.

6. Energy Conservation.

Chairman J. H. Rump has been unable to attend recent meetings because of a serious

health problem. Mr. Rump has offered his resignation and will be replaced by Kenton N.

Kerns. We expect to spend a lot of time on this subject because of the amount of interest in

energy savings. The study will cover power, heating, ventilation, air-conditioning, and build-

ing structures.

The Committee on Buildings.

T. H. Seep, Chairman
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Objective

The objectives of the project would be as follows:

1. To determine the magnitude of impact bending stresses and the distribution of these

stresses to various stringers.

2. To determine the relative distribution of loads through the pile caps to the piling.

3. To determine the magnitude of lateral forces transmitted to the bracing.

Description of Variables

In order to examine the relative effect of both a longer span and the effect of interior bents

with the shorter spans, a seven panel trestle is proposed. As shown in the figure, five of the

adjacent shorter spans are the standard 14 foot with the 28-foot span longer span separated

from the end by another 14-foot span. The shorter spans would have solid sawn stringers,

probably creosote treated Douglas-fir because of its present and expected availability in

raijroad sizes. The longer spans would have creosote treated glulam stringers, either Douglas-

fir or southern pine.

Each end of the 14-foot spans will bear on five pile groups while the 28-foot span will bear

on 10 pile groups. In order to examine the effect of different types of pile caps, at least one

glulam and one concrete cap is propsoed with the remainder solid sawn.

The trestle will be designed for E-80 loading and will have an open deck. Test variables

will include both magnitude and speed of load.

Measurements

The magnitude of the stresses in the stringers, piles, bracing and backwall supports will

be determined by measuring either deflections or strains and converted to stresses by using a

predetermined modulus of elasticity, it will be necessary to individually and non-destructively

determined these values for each piece to be instrumented.

M"-o Z.'f^-p l4'-0 \4o , l^'-o ^ \A-a I
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B. Revision to Manual

2. Grading rules and classification of lumber for railway uses; specifications for structural

timber collaborating with other organizations interested.

A completely new set of stress tables have been published by the subcommittee and sent

to the entire committee; was voted upon and passed by a % majority. The subcommittee

chairman is preparing a letter of transmittal which will be forwarded to AREA Headquarters

for publication.

3. Specifications for design of wood bridges and trestles.

This assignment has taken a long time to organize. Mr. Huzy is combining two sections

in the manual into one new design chapter. At the present time we are anticipating another

year and a half before this design section will be completed.

5. Design of structural glued laminated wood bridges and trestles.

This section has been completely revised and was sent to the full committee and passed

with the usual Vi majority. Chairman R. C. Moody has advised me that he will be sending the

corrected Assignment 5.

8. Protection of pile cut-offs; protection of piling against marine organisms by means

other than by preservatives.

This assignment is relatively new and is mainly an information collecting committee.

Below is a proposed outUne that Mr. King has submitted.

Subcommittee 8

Preliminary Outline of Report on

Protection of Piling Against Marine Organisms

I. Identification b. Internal pile treating

a. Limnoria 1. Chemicals used

b. Toredo 2. Double treatment

II. History of Damage c. External treatment

a. Early attacks 1. Materials and applications

b. San Francisco Bay IV. Protective Effort "State of the Art"

1. Infestiation a. Inspection

2. Salinity b. Method and theory

3. Depth c. Material and application

4. Temperature V. Future Outlook

c. San Francisco Bay Marine a. Materials

Piling Committee b. Environmental protection agencies

III. Piling Protection 1. Clean up of water

a. Untreated woods 2. Regulation of protective materials

1. Species

2. Foreign species

9—Study of in-place perservative treatment of timber trestles.

This committee will be collecting information and data on bridges that have been treated

by the in-place treatment method. This type of information is quantitative. The only way that

we can get the data is by sending specimens of treated timber to a laboratory. At the present

time, samples have been sent to the Osmose Wood Preserving Company's Laboratory for

analysis. Just to keep everything honest and above board, the Osmose Company has requested

that the Forest Products Laboratory test these specimens. The cost of these tests will be paid

by Osmose. At the present time we see this assignment as an on-going project for the

collection of data.

The Committee on Timber Structures

J. Budzileni, Chairman
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more than the required number of affirmative votes from the voting membership of the

committee, and has been submitted as Manual material as Part 1—Materials, Tests and

Construction Requirements.

(b) Part 16—Reinforced Concrete Box Culverts appearing in Chapter 8 of the Manual of

Recommended Practice is being rewritten and will include a section on precast reinforced

concrete box culverts.

(c) Part 17—Prestressed Concrete Structures appearing in Chapter 8 of the Manual of

Recommended Practice has been updated and rewritten, received more than the required

number of affirmative votes from the voting membership of the committee, and will be

submitted as Manual material after the January 1982 meeting of the committee.

(d) Part 19—Rules for Rating Existing Concrete Bridges appearing in the Manual of

Recommended Practice is being updated and rewritten.

2. Foundations and Earth Pressures.

(a) Subcommittee has completed draft of a new specification for drilled shaft and drilled

cassion type foundations and anticipates presenting the specification as Manual material by

the end of 1982.

(b) Revision of Part 18—Elastomeric Bearing Pads appearing in the Manual of Recom-

mended Practice is being held in abeyance pending results of tests underway at the University

of Washington for the Transportation Research Board.

3. Waterproofing for Railway Structures.

No report.

5. Strengthening existing masonry structures and repair of existing masonry structures to

restore original structural capacity and durability.

(a) Subcommittee has completed draft of a new specification covering this assignment

and anticipates presenting the specification as Manual material by the end of 1982.

(b) Part 21—Instructions for the Inspection of Concrete and Masonry Structures appear-

ing in Chapter 8 of the Manual of Recommended Practice is being updated by the Subcom-

mittee.

6. Student Design Contest.

Committee 8 is currently conducting a student bridge design competition. Presentation

of awards will be made at the 1982 Annual Technical Conference.

The Committee on Concrete Structures and Foundations

W. E. Brakensiek, Chairman



MANUAL RECOMMENDATIONS
COMMITTEE 8—CONCRETE STRUCTURES

PART 1

MATERIALS, TESTS AND CONSTRUCTION REQUIREMENTS

1981

1.1 GENERAL

1.1.1 Purpose

These specifications are intended to be used for work carried out by railroad or railway

companies or by contractors for the railroad or railway companies when requested by the

Engineer. These specifications shall apply to all parts of Chapter 8.

1.1.2 Scope

These specifications describe the selection, sampling and testing of materials to be used;

the composition of concrete; and the mixing, transporting, placing, finishing and curing of

concrete. These specifications shall govern in all matters pertaining to material properties,

testing, and construction requirements whenever these specifications are in conflict with

requirements contained in other referenced specifications.

1.1.3 Definitions

a. Admixture. Material other than water, aggregate, or hydraulic cement, used as an

ingredient of concrete and added to concrete before or during its mixing to modify its prop-

erties.

b. Aggregate. Inert material that is mixed with hydraulic cement and water to produce

concrete.

c. Approved or Approval. Approved or approval shall be understood to mean written

approval.

d. Company. Company shall be understood to mean the railroad or railway company.

e. Concrete. Concrete is a mixture of portland cement or any other hydraulic cement,

fine aggregate, coarse aggregate, and water, with or without admixtures, of the qualities

herein specified. It shall be proportioned, mixed, transported, placed and cured by the

methods herein specified.

Concrete, Structural Lightweight. A concrete containing lightweight aggregate meeting

the requirements of Article 1.3.4.

f. Compressive Strength of Concrete (f\). Specified compressive strength of concrete in

pounds per square inch (psi). Wherever this quantity is under a radical sign, the square root

of the numerical value only is intended, and the resultant is in pounds per square inch (psi).

g. Contractor. The individual, partnership, corporation, or joint venturer undertaking

performance of the work covered by the specifications and in accordance with the terms of the

contract.

h. Engineer. Engineer shall be understood to mean the Chief Engineer of the company
or his duly authorized representative.

i. Prestressing Tendon. Wire, strand, or bar or bundle of such elements used to impart

prestress to concrete.
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j. Reinforcement. Material that conforms to Article 1.5.3, excluding prestressing ten-

dons unless specifically included.

Deformed Reinforcement. Deformed reinforcing bars, deformed wire, welded smooth

wire fabric, and welded deformed wire fabric conforming to Article 1.5.3.1.

Plain Reinforcement. Reinforcement that does not conform to the definition of deformed

reinforcement.

k. Workmanship. Workmanship shall be understood to mean the best class obtainable

with modern equipment and skilled labor, and shall conform in every respect to the require-

ments of these specifications.

I. Yield Strength or Yield Point (fy). Specified minimum yield strength or yield point of

reinforcement in pounds per square inch.

1.1.4 Acceptability

AH materials used on the work shall be subject to the approval of the Engineer who shall

be the sole judge of their quality and suitability. The Engineer shall be notified in advance

whenever the preparation for manufacture of any material for the work is to be commenced
at any place.

1.1.5 American Society for Testing and Materials—Specification References

Wherever, in these specifications, reference is made to American Society for Testing and

Materials, the number indicating the year of issue is intentionally omitted from the ASTM
designation. See Part 24 for a complete list of ASTM Specification references.

1.1.6 Selection of Materials

The concrete materials shall be selected and combined in such a manner as to produce

uniformity of color and texture in the surface of any structure or group of structures in which

they are to be used. No change shall be made in the brand or type of cement, character and

source of aggregate, water, class of concrete and method of transporting, placing, finishing or

curing concrete without approval of the Engineer.

1.1.7 Tests of Materials

The Engineer shall have the right to order testing of any materials used in concrete

construction to determine if materials are of the quality specified.

Tests of materials and of concrete shall be made in accordance with appropriate standards

of the American Society for Testing and Materials listed, or as otherwise specified.

1.1.8 Defective Materials

All porous or defective concrete of any kind, occurring prior to final acceptance of the

work, shall be remedied by the contractor at his own expense and to the satisfaction of

the Engineer. All damaged or rejected materials shall be immediately removed from the site

of the work by the contractor.

1.1.9 Equipment

The contractor shall provide all equipment required for the execution and completion of

the work, including all staging, scaffolding, apparatus, tools, etc., which are necessary. AH
equipment must meet with the approval of the company, and the Engineer may require the

removal of any portion of equipment which is defective or unsuitable for the proper prose-
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cation of the work, and the contractor will be required to substitute therefore satisfactory

equipment without delay. Upon request, the contractor shall furnish for approval a statement

of the method and equipment he expects to use for handling, storing, and proportioning

materials and for mixing, transporting, placing, protecting, and curing the concrete, but

whether the Engineer exercises this authority or not the contractor shall not be relieved from

his sole responsibility for the safe, proper, adequate and lawful construction, maintenance and

use of such a method and equipment.

1.2 CEMENT

1.2.1 General

Cement shall be furnished by the contractor or the company as provided for in the

contract. Cement used in the work shall correspond to that on which the selection of concrete

proportions was based.

1.2.2 Specifications

Portland cement shall conform to the requirements of the following ASTM specifications:

Type Designation

Portland Cement C150

Blended Hydraulic Cement (Excluding Types S & SA) C595

Masonry Cement C91

Unless otherwise specified, Type I Portland cement or Type lA Air-entraining Portland

cement shall be used.

1.2.3 Quality, Sampling and Testing

The quality of cement and the methods of sampling and testing it shall meet the require-

ments of the appropriate ASTM Specification.

1.3 AGGREGATES

1.3.1 General

1.3.1.1 Specifications

Except as specified otherwise herein, all aggregates shall conform to the requirements of

ASTM C33, Standard Specification for Concrete Aggregates.

1.3.1.2 Sampling and Testing

a. Representative samples shall be selected and sent to the testing laboratory at frequent

intervals as directed by the Engineer. Aggregates may not be used until the samples have been

approved by the designated laboratory as being in conformity with the following requirements,

and their use authorized by the Engineer.

b. Sampling and testing shall be in accordance with ASTM C33 and the following stan-

dard methods of the American Society for Testing and Materials:

Type Designation

Surface Moisture in Fine Aggregate C70

Specific Gravity and Absorption

of Coarse Aggregate C 1 27
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Type Designation

Specific Gravity and Absorption

of Fine Aggregate C128

Standard Sand C778

c. The required tests shall be made on test samples that comply with requirements of the

designated test methods and are representative of the grading that will be used in the concrete.

The same test sample may be used for sieve analysis and for determination of material finer

than the No. 200 sieve. Separated sizes from the sieve analysis may be used in preparation of

samples for soundness or abrasion tests. For determination of all other tests and for evaluation

of potential alkali reactivity where required, independent test samples shall be used.

d. The fineness modulus of an aggregate is the sum of the percentages of a sample

retained on each of a specified series of sieves divided by 100, using the following standard

sieve sizes: No. 100, No. 50, No. 30, No. 16, No. 8, No. 4, % in., ¥4 in., l'/2 in. and larger,

increasing in the ratio of 2 to 1. Sieving shall be done in accordance with ASTM Method C
136.

1.3.1.3 Soundness

a. Except as provided in Pars, b and c, aggregates subjected to five cycles of the sound-

ness test, shall show a loss, weighted in accordance with the grading of a sample complying

with the Hmitations set forth herein, not greater than the following percentages:

Sodium Magnesium

Aggregate Sulphate Sulphate

Fine 10 15

Coarse 12 18

b. Aggregate failing to meet the requirements of Par. a may be accepted, provided that

concrete of comparable properties, made from similar aggregate from the same source, has

given satisfactory service when exposed to weathering similar to that to be encountered.

c. Aggregate not having a demonstrable service record and failing to meet the require-

ments of Par. a may be accepted, provided it gives satisfactory results in concrete subjected

to freezing and thawing tests.

1.3.2 Fine Aggregates

1.3.2.1 General

Fine aggregate shall consist of natural sand or, subject to the approval of the Engineer,

manufactured sand with similar characteristics. Lightweight fine aggregate shall not be used.

1.3.2.2 Grading

a. Sieve Analysis—Fine aggregate, except as provided in Pars, b and d shall be graded

within the following limits:

Total Passing Percentage by Weight

Sieve Size Nat. Sand Mfg. Sand

100 100

95-100 95-100

80-100 80-100

50-85 45-95

25-60 25-75

Vs in.
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Total Passing Percentage by Weight

Sieve Size Nat. Sand Mfg. Sand

No. 50 10-30 »-35

No. 100 2-10 2-20

No. 200 2-10 0-10

b. The minimum percentages shown above for material passing the No. 50 and No. 100

sieves may be reduced to 5 and 0, respectively, if the aggregate is to be used in air-entrained

concrete containing more than 420 lbs. of cement per cubic yard, or in non-air-entrained

concrete containing more than 520 lbs. of cement per cubic yard, or if an approved mineral

admixture is used to supply the deficiency in percentages passing these sieves. Air-entrained

concrete is here considered to be concrete containing air-entraining cement or an air-

entraining agent and having an air content of more than 3 percent.

c. The fine aggregate shall have not more than 45 percent retained between any two

consecutive sieves of those shown in Par. a, and its fineness modulus shall be not less than 2.3

nor more than 3.1.

d. For walls and other locations where smooth surfaces are desired, the fine aggregate

shall be graded within the limits shown in the table of Par. a except that not less than 15 percent

shall pass the No. 50 sieve and not less than 3 percent shall pass the No. 100 sieve.

e. To provide uniform grading of fine aggregate, a preliminary sample representative of

the material to be furnished, shall be submitted at least 10 days prior to actual deliveries. Any
shipment made during pr6gress of the work which varies more than 0.20 from the fineness

modulus of the preliminary sample shall be rejected or, at the option of the Engineer, may be

accepted provided suitable adjustments are made in concrete proportions to compensate for

the difference in grading.

1.3.2.3 Deleterious Substances

a. The amount of deleterious substances in fine aggregate shall not exceed the following

limits:

Maximum Limit

Percentage by

Item Weight

Clay Lumps 1.0

Coal and Lignite U.5*

Material finer than No. 200 sieve:

Concrete subject to abrasion 3.0**

All other classes of concrete 5.0**

*Docs not apply to manufactured sand produced from blast furnace slag.

"For manufactured sand, if the material finer than the No. 200 sieve consists of the dust of fracture, essentially free from

clay or shale, these limits do not apply.

b. Fine aggregate shall be free of injurious amounts of organic impurities. Except as

herein provided, aggregates subjected to the test for organic impurities and producing a color

darker than the standard shall be rejected.

A fine aggregate failing in the test may be used, provided that the discoloration is due

principally to the presence of small quantities of coal, lignite, or similar discrete particles.

A fine aggregate failing in the test may be used, provided that, when tested for mortar-

making properties, the mortar develops a compressive strength at 7 and 28 days of not less than
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95 percent of that developed by a similar mortar made from another portion of the same

sample which has been washed in a 3 percent solution of sodium hydroxide followed by

thorough rinsing in water. The treatment shall be sufficient to produce a color lighter than

standard with the washed material.

c. Fine aggregate for use in concrete that will be subject to wetting, extended exposure

to humid atmosphere, or contact with moist ground shall not contain any materials that are

deleteriously reactive with the alkalies in the cement in an amount sufficient to cause excessive

expansion of mortar or concrete, except that if such materials are present in injurious

amounts, the fine aggregate may be used with a cement containing less than 0.6 percent

alkalies as measured by percentage of sodium oxide plus 0.658 times percentage of potassium

oxide, or with the addition of a material that has been shown to prevent harmful expansion

due to the alkali-aggregate reaction.

1.3.2.4 Mortar Strength

Fine aggregate shall be of such quality that when made into a mortar and subjected to the

mortar strength test prescribed in ASTM Method of Test, C87, the mortar shall develop a

compressive strength not less than that developed by a mortar prepared in the same manner

with the same cement and graded standard sand having a fineness modulus of 2.40 ± .10. The

graded sand shall conform to the requirements of ASTM C778.

1.3.3 Normal Weight Coarse Aggregate

1.3.3.1 General

a. Coarse aggregate shall consist of crushed stone, gravel, crushed slag, or a combination

thereof, or subject to the approval of the Engineer, other inert materials with similar charac-

teristics, having hard, strong durable pieces, free from adherent coatings, and shall conform

to the requirements of this specification.

b. Crushed slag shall be rough cubical fragments of air-cooled iron-blast-furnace slag

which, when conforming to the grading to be used in the concrete, shall have a compact weight

of not less than 70 lb. per cu. ft. It shall be obtained only from sources approved by the

Engineer.

1.3.3.2 Grading

a. Coarse aggregate shall be graded between the limits specified and shall conform to the

requirements prescribed in the accompanying Table 1.3.3 for the designated sizes.

b. The maximum size of aggregate shall be not larger than one-fifth of the narrowest

dimension between forms of the member for which the concrete is used, nor larger than

one-half of the minimum clear space between reinforcing bars.

1.3.3.3 Deleterious Substances

a. The amount of deleterious substances in coarse aggregate shall not exceed the follow-

ing limits:

Maximum Limit

Item Percent by Wt.

Clay lumps 0.25

Soft particles 5.0
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Maximum IJmil

Item Percent by VVt.

Chert that will readily disintegrate

(soundness test, five cycles) 1.0

Material finer than No. 20() sieve 1.0*

Coal and lignite I.O**

*In the case of crushed aggregates, if the material finer than the No 2(K) sieve consists of the dust of fracture, essentially free

from clay or shale, this percentage may be increased to 15.

"This requirement does not apply to blastfurnace slag coarse aggregate.

b. Coarse aggregate for use in concrete that will be subject to wetting, extended exposure

to humid atmosphere, or contact with moist ground shall not contain any materials that are

deleteriously reactive with the alkalies in the cement in an amount sufficient to cause excessive

expansion of mortar or concrete, except that if such materials are present in injurious

amounts, the coarse aggregate may be used with a cement containing less than 0.6 percent

alkalies as measured by percentage of sodium oxide plus 0.658 times percentage of potassium

oxide, or with the addition of a material that has been shown to prevent harmful expansion

due to the alkali-aggregate reaction.

1.3.3.4 Abrasion Loss

Coarse aggregate to be used in concrete when subjected to test for resistance to abrasion

(ASTM Method C535 or C131) shall show a loss of weight not more than the following:

a. For concrete subject to severe abrasion such as concrete in water, precast concrete

piles, paving for sidewalks, platforms or roadways, floor wearing surfaces, and concrete cross

or bridge ties, the loss of weight shall not exceed 40 percent.

b. For concrete subject to medium abrasion such as concrete exposed to the weather, the

loss of weight shall not exceed 50 percent.

c. For concrete not subject to abrasion, the loss in weight shall not exceed 60 percent.

1.3.3.5 Rubble Aggregate

Rubble aggregate shall consist of clean, hard, durable stone or gravel, retained on a 6-in.

square opening and with individual pieces weighing not more than UK) lbs.

1.3.3.6 Cyclopean Aggregate

Cyclopean aggregate shall consist of clean, hard, durable stone or gravel with individual

pieces weighing more than 1(H) lb.

1.3.4 Lightweight Coarse Aggregate for Structural Concrete

1.3.4.1 Scope

This specification covers lightweight, coarse aggregates intended for use in structural

lightweight concrete in which prime considerations are durability, lightness in weight and

compressive strength of the concrete. Structural lightweight concrete shall only be used where

shown on the plans or specified. Procedures covered in this specification are not intended for

job control of concrete.

Aggregates for use in concrete for such purposes as fireproofing and fill, and for concrete

construction, the use of which is based upon load tests and not conventional design pro-

cedures, are not covered by this specification.
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1.3.4.2 General Characteristics

The aggregates shall conform to the requirements of ASTM C33(), Standard Specifica-

tions for Lightweight Aggregates for Structural Concrete, except as otherwise specified here-

in.

This specification shall be limited to those lightweight aggregates which are manufactured

by the rotary kiln method.

1.3.4.3 Unit Weight

a. The dry unit weight of lightweight aggregates shall be no greater than 55 Ib/cu.ft.,

measured loose by accepted ASTM practices.

b. Uniformity of Weight. The unit weight of successive shipments of lightweight aggre-

gate shall not differ by more than 6 percent from that of the sample submitted for acceptance

tests.

1.3.4.4 Concrete Making Properties

Concrete specimens containing lightweight coarse aggregate under test shall conform to

ASTM C330 and shall meet the following requirements:

a. Fine aggregate shall be restricted to clean naturally occurring sand or fines manu-
factured from naturally occurring mineral rocks, meeting requirements of ASTM C33. The
use of pit run sand materials or lightweight aggregate fines is prohibited.

b. Durability. In absence of a proven record of satisfactory durability in structural con-

crete a freezing and thawing test shall be conducted as outlined in Article 1.3.5. Weighted loss

thus determined shall not exceed 7 percent maximum. Loss of individual gradation size sample

shall not exceed 144 percent of that size.

c. A magnesium sulfate soundness test shall be conducted for 10 cycles in accordance

with ASTM C88. Weighted loss thus determined shall not exceed 15 cycles in accordance with

ASTM C88. Weighted loss thus determined shall not exceed 15 percent maximum. Loss of

individual gradation size shall not exceed 20 percent of that size.

1.3.5 Coarse Aggregate Freeze-Thaw Test

1.3.5.1 Scope

This method of test describes a procedure to be followed in testing synthetic coarse

aggregate to determine its resistance to disintegration by freezing and thawing. It furnishes

information helpful in judging the soundness of aggregates subjected to weathering action.

1.3.5.2 Apparatus

The apparatus shall consist of the following:

a. The Freezing Chamber. The freezing chamber shall be any commercial-type freezer of

suitable dimensions and shall be capable of maintaining a constant temperature of - 10 C or

lower.

b. Trays and Containers. Shallow metal trays approximately 2 in. in depth and of suitable

dimensions to contain the aggregate sample in a single layer.

c. Sieves. Sizes % in., '/: in., % in. and No. 4 conforming to the Specifications for Sieves

for Testing Purposes (ASTM Designation El 1).

d. Balance. With a capacity of KXK) g and accurate within 0. 1 percent of the lest load at

any point within the range of use and sensitive to 0.1 g.
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e. Drying Oven. The drying oven shall provide a free circulation of air through the oven

and shall be capable of maintaining a temperature of 230 F.

Sample:

The graded coarse aggregate for the test shall be separated into the different sizes as

follows:

Passing % in. sieve, retained on Vi in. sieve—100 particles.

Passing Vi in. sieve, retained on Vs in. sieve—200 particles.

Passing Vs in. sieve, retained on No. 4 sieve—300 particles.

Preparation of the Sample:

The sample, consisting of the three fractions listed above, shall be thoroughly washed and

dried to constant weight at 230 F.

1.3.5.3 Procedure

a. The oven-dry weight of each fraction of the prepared sample shall be obtained to the

nearest estimated 0.1 g.

b. Each fraction of the sample shall then be placed in a separate tray, and enough distilled

water shall be added to each tray to adjust the water level to approximately three-fourths of

the average stone depth.

c. The trays shall be immediately placed in the freezing chamber and allowed to remain

there until the water is completely frozen (about two hours).

d. The trays containing the sample shall be removed from the freezing chamber and

allowed to thaw at room temperature until no ice is evident in the water. Distilled water shall

be added to each tray when required to maintain the proper water level.

e. Steps 3 and 4 shall be repeated until 50 cycles have been obtained. One cycle shall be

defined as one series of freezing and thawing.

f. After 50 cycles, the sample (remaining in the trays) shall be dried to a constant weight

at 230 F.

g. The oven-dry fraction in each tray shall be passed over the same sieve used in the

original separation and the weight retained on each sieve obtained to the nearest estimated

0.1 g. The number of particles retained on sieve shall also be obtained for qualitative exam-

ination.

1.3.5.4 Report

The report shall include the following data:

a. Weight and number of each fraction of each sample before test.

b. Weight and number of each fraction of each sample after test.

c. The percentage loss of each fraction of each sample as a percent of the original dry

weight.

d. Weighted average calculated from the percent loss for each fraction, based on the

grading of the sample received for examination or. preferably on the average grading of the

material from that portion of the supply of which the sample is representative.
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NOTE: The sieve used to separate the original fractions for test must be the identical

sieve used to examine the same fractions after the test. This is necessary since sieve sizes

include a tolerance in mesh openings. For example, all sieves of a given size, say % in., do not

have exactly the same size opening. The ASTM tolerance between different sieves of the same

size cannot be accepted in this test.

TYPICAL EXAMPLE OF RECORDING TEST RESULTS

Sieve Size

Grading of

Original

Sample

Percent
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Type Designation

Deformed and Plain Billet-Steel Bars

Low-Alloy Steel Deformed Bars

Deformed Steel Wire (wire shall not

be smaller than size D4 (.225" dia.))

Welded Steel Wire Fabric

(welded intersections shall not be

spaced farther apart than 12 in. in

direction of primary flexural rein-

forcement)

Welded Deformed Steel Wire Fabric

(welded intersections shall not be

spaced farther apart than 16 in. in

direction of primary flexural rein-

forcement)

Cold-Drawn Steel Wire

A615 including supplementary

requirement (SI)

A706

A496

A185

A497

A82

1.5.3.2 Prestressing tendons shall conform to one of the following ASTM specifications:

Type Designation

Uncoated Seven-wire Stress-Relieved

Strand

Uncoated Stress-Relieved Wire

Uncoated High-Strength Steel Bar

A416

A421

A722

Strands, wire, and bars not specifically listed in A416, A421 and A722 may be used

provided they conform to minimum requirements of these specifications and do not have

properties that make them less satisfactory than those hsted in A416, A421. and A722.

1.5.3.3 Structural Steel, steel pipe, or tubing shall conform to one of the following

ASTM specifications:

Type Designation

Structural Steel

Steel Pipe or Tubing

1.5.3.4 Epoxy Coating

A36, A242, A441, A572 or A588

A53 (Grade B), A500 or A501

Epoxy-coated reinforcing bars, where specified or shown on the plans as a corrosion

protection system, shall conform to ASTM A775, "Standard Specification for Epoxy-Coated

Reinforcing Bars".

1.6 ADMIXTURES

Admixtures to be used in concrete shall be subject to prior approval by the Engineer.

An admixture shall be shown capable of maintaining essentially the same composition and

performance throughout the work as the product used in establishing concrete proportions in

accordance with Section 1.11.
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Admixtures containing chloride ions shall not be used if their use will produce a delete-

rious concentration of chloride ion in the mixing water.

Admixtures shall conform to one of the following ASTM specifications:

Type Designation

Air-entraining Admixtures for Concrete C260

Chemical Admixtures for Concrete C494

Fly Ash and Raw or Calcined Material C618

Pozzolans for Concrete

1.7 STORAGE OF MATERIALS

1.7.1 Cement

Immediately upon delivery all cement shall be stored in weathertight, properly ventilated

structures to prevent absorption of moisture.

Sacked cement shall be stacked on pallets or similar platforms to permit proper circulation

of air, and to permit easy access for proper inspection. The cement sacks shall not be stacked

against outside walls.

For a storage period of less than 60 days, it is recommended that the cement be stacked

no higher than 14 sacks, and for long periods, no higher than 7 sacks. As an additional

precaution, it is recommended that, insofar as practical, the oldest cement be used first.

Storage facilities for bulk cement shall include separate compartments for each type of

cement used. The bins shall be so constructed as to prevent dead storage in corners.

All cement shall be subject at any time to retest. If under retest it fails to meet any of the

requirements of the specifications, it will be rejected and shall be promptly removed from the

site of the work by the contractor.

Where the company furnishes the cement and the failure of the cement to pass the retest

is due to negligence on the part of the contractor to care for it properly, the cost of such cement

shall be charged to the contractor.

1.7.2 Aggregates

Fine and coarse aggregates shall be stored separately and in such manner as to avoid the

inclusion of dirt and other foreign material in the concrete. Aggregates shall be unloaded and

piled in such manner as to maintain the uniform grading of the sizes. Stockpiles of coarse

aggregates shall be built in horizontal layers, not by end dumping, to avoid segregation.

A hard base shall be provided to prevent contamination from underlying material, and

overlap of the different sizes shall be prevented by suitable walls or ample spacing between

piles. Stockpiles shall not be contaminated by swinging aggregate filled buckets or clams over

the various stockpiled aggregate sizes. Crushed slag shall be wetted down when necessary to

insure not less than 3 percent moisture content.

1.7.3 Reinforcement

Reinforcement shall be stored in racks in such a manner as to avoid contact with the

ground. If reinforcement is to remain in storage on the site for more than 1 month, it shall be

covered to protect it from weather. If reinforcement accumulates heavy rust, dirt, mud, loose

scale, paint, oil, or any other foreign substance during storage, it shall be cleaned before being

used. Severe deterioration of this kind may be a basis for rejection.
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1.8 FORMS

1.8.1 General

Forms shall be constructed of wood, steel, or other suitable material, and of an approved

type, size, shape, quality, and strength which will produce true, smooth lines and surfaces,

conforming to the line and dimensions of the concrete as called for on the plans. They shall

be substantial and designed to resist the pressures to which they are subjected. Lumber in

forms for exposed surfaces shall be dressed to uniform thickness. Undressed lumber may be

used in forms for unexposed surfaces. Metal forms, where used, shall be kept free from rust,

grease or other foreign matter which will discolor the concrete. Forms may be omitted for

foundation concrete if, in the opinion of the Engineer, the sides of the excavation are suf-

ficiently firm so that the concrete may be thoroughly rammed without causing the adjacent

earth to yield, in which case the actual dimensions of the excavation shall be slightly greater

than the plan dimensions of the foundation so as to insure design requirements.

1.8.2 Construction

Forms shall be constructed mortar-tight, and shall be made sufficiently rigid by the use

of ties and bracing to prevent displacement or sagging between supports and to withstand the

pressure, ramming and vibration without deflection and/or objectionable distortion from the

prescribed lines during and after placement of the concrete.

Joints in forms shall be horizontal or vertical, and suitable devices shall be used to hold

adjacent edges together in accurate alignment.

All forms shall be constructed and maintained so as to prevent warping and the opening

of joints due to shrinkage of lumber.

All forms shall be constructed so that they can be removed without hammering or prying

against the concrete.

Bolts and rods preferably shall be used for internal ties. They shall be so arranged that,

when the forms are removed, no metal shall be within l-Vi in. of any surface.

Wire ties, when permitted, shall be cut back at least '/2-in. from the face of the concrete

upon removal of the forms.

All fittings for metal ties shall be of such a design that upon their removal the cavities

which are left will be the smallest practicable size. The cavities shall be filled with cement

mortar and the surface left sound, even and uniform in color with respect to the original

surface.

In metal form construction all fasteners in contact with concrete shall be countersunk.

Any material once used in forms shall be thoroughly cleaned and re-oiled before erection

in a new location. All rough surfaces shall be smoothed and repairs made to put the sections

in first-class condition; and forms which have been used repeatedly and are not acceptable to

the Engineer for further use shall be discarded.

In the case of long spans where no intermediate supports are possible, deflection in the

forms due to the weight of the fresh concrete shall be compensated for, so that the finished

members shall conform accurately to the desired line and grade. If adequate foundation for

shores cannot be secured, truss supports shall be provided.

Shores supporting successive stories shall be placed over those below, or so designed and

placed that the load will be transmitted directly to them.
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1.8.3 Moldings

Unless otherwise specified or directed by the Engineer, suitable moldings or bevels shall

be placed in the angles of forms to round or bevel the edges of the concrete, including abutting

edges of expansion joints.

1.8.4 Oiling

The inside of forms for surfaces exposed to view or water shall be coated with non-staining

mineral oil or other approved material which shall be applied shortly before the reinforcement

is placed.

Forms for surfaces unexposed to view may be thoroughly wetted in lieu of oiling, imme-

diately before placing the concrete, except that in freezing weather oil shall be used.

1.8.5 Temporary Openings

Temporary openings shall be provided at the base of column and wall forms, and at other

points where necessary, to facilitate cleaning and inspection immediately before depositing

concrete. Forms for walls or other thin sections of considerable height shall be provided with

openings or other devices which will permit the concrete to be placed in a manner to avoid

accumulation of hardened concrete on the forms or metal reinforcement.

1.8.6 Removal

Forms shall be removed in such a manner as to insure the complete safety of the structure.

Care shall be taken to preserve form sections and not to injure the corners or surfaces of the

concrete. Prying between forms and concrete shall not be permitted.

Forms shall not be disturbed until the concrete has adequately hardened and has acquired

sufficient strength to support its weight and any construction load upon it.

The removal of forms shall depend on the character of the concrete, the location of the

form, and the temperature and moisture conditions which affect the strength of the concrete.

If not otherwise specified by the plans, specifications or Engineer, shoring and centering

shall not be released until the concrete has attained 70 percent of its design strength, and in

no case until at least 5 days have elapsed after the concrete has been placed. In continuous

structures, support shall not be released in any span until the first and second adjoining spans

on each side have reached the specified strength.

Forms for ornamental work, railings, parapets, and vertical surfaces which require a

surface finishing operation shall be removed not less than 12 hrs., nor more than 48 hrs. after

casting the concrete, depending on weather conditions. Bulkheads at construction joints shall

not be removed for a period of 15 hrs. after casting adjacent concrete. Forms under slab spans,

beams, girders, and brackets shall not be removed until the concrete has attained at least 70

percent of its design strength.

The strength of the concrete relation shall be determined from tests of representative

samples of concrete used in the structure and cured under job conditions.

1.9 DETAILS OF REINFORCEMENT

1.9.1 Surface Conditions of Reinforcement

Reinforcement at the time concrete is placed shall be free from mud, oil or other non-

metallic coatings that adversely affect bonding capacity.
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Reinforcement except prestressing tendons, with rust, mill scale, or a combination of both

shall be considered as satisfactory, provided the minimum dimensions, including height of

deformations, and weight of a hand wire-brushed test specimen are not less than the applicable

ASTM specification requirements.

Prestressing tendons shall be clean and free of excessive rust, oil, dirt, scale, and pitting.

A light oxide is permissible.

1.9.2 Fabrication

Reinforcement shall be prefabricated to the dimensions shown on the plans. Reinforce-

ment shall be bent cold, and shall not be bent or straightened in a manner that will injure the

material. Bars with kinks or bends not shown on the plans shall be rejected. Hot bending of

reinforcement will be permitted only when the entire operation is approved by the Engineer.

Bars partially embedded in concrete shall not be field bent, except as shown on the design

drawings or permitted by the Engineer.

Diameter of bends measured on the inside of the bar shall be as shown on the plans. When

diameter of bend is not shown, minimum bend diameter shall be in accordance with Part 2,

Article 2.4.2.

Unless otherwise specified by the Engineer, the tolerance in fabricated lengths of bars

from that shown on the shop drawings shall be plus or minus 1" for bar sizes #11 and under

and 2" for bar sizes #14 and #18; the tolerance in out to out dimensions of hooks shall be plus

or minus Vz"; the tolerance in out to out dimensions of stirrups and ties shall be plus or minus

1" and the maximum angular deviation of 90 degree hooks or bends shall be Vi per foot.

1.9.3 Provisions for Seismic Loading

For structures located in Seismic Zones, consideration must be given to reinforcement

details that will provide adequate ductility to ensure the ability of the structure to absorb the

energy generated by the earthquake.

1.9.4 Placing

1.9.4.1 Supports

Reinforcement, prestressing tendons and ducts shall be accurately placed and adequately

supported before concrete is placed, and shall be secured against displacement within per-

mitted tolerances. Welding of crossing bars shall not be permitted for assembly of reinforce-

ment unless authorized by the Engineer.

1.9.4.2 Tolerances

Unless otherwise specified by the Engineer, reinforcement, prestressing tendons, and

prestressing ducts shall be placed in flexural members, walls and compression members within

the following tolerances:

1.9.4.2.1 Tolerance in depth "d" (where d is the distance from the extreme com-

pression fiber to the centroid of tension reinforcement), and minimum concrete cover shall be

as follows:
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Tolerance on

Tolerance Minimum Con-

Depth "d" on d Crete Cover

d=s8in. ±y«in. -% in.

8in.<d«24in. ±'/2 in. -'/2 in.

d>24 in. ±1 in. -'/2 in.

Except that the tolerance for the clear distance to formed soffits shall be minus '/< in. and

the tolerance for cover shall not exceed minus 'A the specified cover.

1.9.4.2.2 Tolerance on minimum distance between bars shall be minus Va in.

1.9.4.2.3 Tolerance in uniform spacing of reinforcement from theoretical location shall

be ±2 in.

1 .9.4.2.4 Tolerance in uniform spacing of stirrups and ties from theoretical location shall

be ±1 in.

1.9.4.2.5 Tolerance for longitudinal location of bends and ends of bars shall be ±2 in.,

except at discontinuous ends of members where the tolerance shall be ±'/: in.

1.9.4.2.6 Tolerance in length of bar laps shall be minus l'/2 in.

1.9.4.2.7 Tolerance in embedded length shall be minus 1 in. for #3-#ll bars and minus

2 in. for #14 and #18 bars.

1.9.4.2.8 In precast slabs, prestressing tendons and prestressing ducts shall be placed

within a horizontal tolerance of ±1 in. in any 15 ft. of tendon length.

1.9.4.2.9 In precast elements the tolerance for bearing plate concentricity and perpen-

dicularity with tendons and concrete shall be ±1 degree.

1.9.4.3 Bar Supports and Side Form Spacers

1.9.4.3.1 Unless otherwise specified by the Engineer, reinforcement supported from the

ground shall rest on precast concrete blocks not less than 4 in. square, and having a com-

pressive strength equal to or greater than the specified compressive strength of the concrete

being placed. Reinforcement supported from formwork shall rest on bar supports and spacers

made of concrete, metal, plastic, or other materials approved by the Engineer.

1.9.4.3.2 Where noted on the plans and at all formed surfaces that will be exposed to

the weather in the finished structure, bar supports and side form spacers spaced no further

than 4'-(r on center shall be provided. Bar supports and spacers and all other accessories

within '/; in. of the concrete surface shall be noncorrosive or protected against corrosion.

1.9.4.4 Draped Fabric

When welded wire fabric with wire size not greater than W5 or D5 is used for slab

reinforcement in slabs not exceeding 10 ft. in span, the reinforcement may be curved from a

point near the top of the slab over the support to a point near the bottom of the slab at

mid-span, provided such reinforcement is either continuous over, or securely anchored at. the

support.
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1.9.5 Spacing of Reinforcement

Spacing of reinforcement shall be as shown on the plans. When spacing of reinforcement

is not shown, spacing shall be in accordance with Part 2, Section 2.5 for reinforcing bars, and

Part 17, Article 17.3.1 for prestressing tendons and ducts.

1.9.6 Concrete Protection for Reinforcement

Concrete cover for reinforcement shall be as shown on the plans. When concrete cover

is not shown, minimum concrete cover shall be in accordance with Part 2, Section 2.6 for bars

and wire, and Part 17, Article 17.3.2 for prestressing tendons and ducts.

1.9.7 Future Bonding

Exposed reinforcement intended for bonding with future extensions shall be protected

from corrosion in an approved manner.

1.10 JOINTS

1.10.1 Location of Joints

When the structures or portions of the structures are designed to be monolithic, they shall

be cast integrally, except as hereinafter modified. When necessary to provide construction

joints not indicated or specified, such joints shall be located as directed by the Engineer and

formed so as not to impair the strength and to least impair the appearance and durability of

the structure.

1.10.2 Procedure in Forming Construction Joints

Construction joints allow for no differential movement across joint. They are provided at

locations where casting was temporarily suspended.

The procedure specified in Article 1.13.9 for bonding new concrete to old shall be

followed in the formation of all construction joints. The reinforcement shall continue through

the joint. For concrete without reinforcement, shearing strength shall be provided by means

of a concrete key or dowel bars as the Engineer may direct.

1.10.3 Watertight Construction Joints

Construction joints shall not be used in watertight construction unless shown on the plans

or authorized by the Engineer.

Where a horizontal construction joint is required to resist water pressure, special care

shall be taken in finishing the surface to which the succeeding concrete is to be bonded. The

consistency of the concrete shall be carefully controlled so that it can be placed with a

minimum of puddling with no free water showing. The surface shall be protected from loss of

moisture and from mechanical injury. In applying the new concrete the procedure specified

in Article 1.12.9 shall be followed.

Where construction joints are required to be watertight, a continuous keyway shall be

constructed in the face of the first section of concrete placed, and continuous sheet of non-

corrosive metal not less than 12 in. wide shall be placed so as to extend the full length of the

joint and be embedded equally in the concrete on each side thereof. Metal shall be deformed

or perforated to insure bond on each side of the joint. Water stops of rubber or other material

approved by the Engineer may be used instead of metal. Before continuing with the placement

of concrete, the joint shall be thoroughly cleaned of laitance or other foreign material and

saturated with water. The concrete shall then be placed in such a manner as will insure an

excess of mortar over the entire surface of the joint.
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1.10.4 Joints in Slabs-On-Ground

1.10.4.1 Procedure in Forming Control Joints

Control joints allow for differential movement across the joint only in one direction,

usually in the plane of the finished surface. They are provided to allow for drying shrinkage

of the concrete.

Control joints in slabs on ground shall be located and detailed as shown on the plans.

Unless otherwise shown or noted, joints shall be spaced at 15 to 25 ft. intervals in each

direction.

Control joints for slabs-on-ground shall be made by one of the methods shown in Fig. 1 . 10

or as shown on the plans.

Sawing of control joints shall be done as soon as the concrete has hardened sufficiently

to prevent aggregates being dislocated by the saw, and shall be completed before shrinkage

stresses become sufficient to produce cracking. Sawing shall not be done when the concrete

temperature is falling. Sawed control joints shall be cleaned and filled as shown on the plans

or as specified by the Engineer.

1.10.4.2 Steel at Controljoints

If welded wire fabric is used in the slab, alternate wires shall be cut where they cross the

control joints.

If reinforcing bars are used in the slab, they shall be reduced by one-half at the prede-

termined control joint. Reinforcing bars shall not be lapped at control joints.

1.10.4.3 Procedure in Forming Isolation Joints

Isolation joints allow for differential movement in all directions of the material on either

side of the joint. They are sometimes called expansion joints.

Isolation joints shall be installed around columns, walls, footings, etc., in the manner

shown on the plans or as specified by the Engineer.

They shall be formed with a premolded joint filler or similar material as shown on the

plans or as specified by the Engineer. They shall be made straight, and there shall be no

connection across the joint by reinforcement, keyways or bond.

1.11 PROPORTIONING

1.11.1 General

The ingredients shall be thoroughly mixed and brought to a proper consistency. The

proportions in which these materials are to be used for different parts of the work shall be

determined by the Engineer from time to time during the progress of the work as analyses and

tests are made of samples of the aggregate and the resulting concrete. In general the propor-

tions shall be designed to produce a concrete of maximum practical economy to the company.

1.11.2 Measurement of Materials

In the measurement of cement, 94 lb., I bag, or '/j bbl shall be assumed as 1 cu ft.

Materials shall be measured by weighing, except as otherwise specified or where other meth-

ods are authorized specifically by the Engineer. The apparatus provided for weighing the

aggregates and cement shall be suitably designed and constructed for this purpose. The

aggregates and cement shall be weighed separately. The accuracy of all weighing devices shall

be such that successive quantities can be measured to within 1 percent of the desired amount.
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FIG. 1.10

Sawed joint to be

filled with joint
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Cement in standard packages (bags) need not be weighed, but bulk cement and fractional

packages shall be weighed. The mixing water shall be measured by volume or by weight. The

water-measuring device shall be susceptible to control accurate to plus or minus '/: percent. All

measuring devices shall be subject to approval by the Engineer.

Where volumetric measurements are authorized by the Engineer, the weight proportions

shall be converted to equivalent volumetric proportions. In making this conversion, suitable

allowance shall be made for variations in the moisture condition of the aggregates, including

the bulking effect in the fine aggregate.

1.11.3 Water Cement Ratio

The proportioning of materials shall be based on the requirements for a plastic and

workable mix suited to the conditions of placement containing not more than the specified

amount of water, including the free water contained in the aggregate. The maximum specified

amount of water shall not exceed the quantities shown in Table 1.11. 3 for the type of structure

and the condition of exposure to which it will be subjected. Moisture in the aggregate shall

be measured by methods satisfactory to the Engineer.

Free water content of the aggregates is included in the quantities specified and must be

deducted from the amounts given in the table to determine the amount to be added at the

mixer. Allowance may be made for absorption when aggregates are not saturated.

1.11.4 Air Content of Air-Entrained Concrete

The volume of entrained air in concrete shall be within the limits shown in the following

table:

Maximum Size

Coarse Aggregate Air Content

Inches % by Volume

l'/2, 2, or2'/2 5±1
Va, 1 6 ± 1

Vh, Vi 71/2 ± 1

The air content shall be determined by one of the following methods:

a. The gravimetric method, ASTM C138.

b. The volumetric method, ASTM C173.

c. The pressure method, ASTM C231.

1.11.5 Strength of Concrete Mixtures

When preliminary tests of the materials to be used are not available, the required water-

cement ratio shall be determined in accordance with Method 1. When strengths in excess of

4250 psi are required, or where lightweight aggregates or admixtures (other than those exclu-

sively used for the purpose of entraining air) are to be used, the required water-cement ratio

shall be determined in accordance, with Method 2. Method 3 may be used if statistical data

conforming to Article 1.11.5.3 is available.

1.11.5.1 Method 1—Without Preliminary Tests

Concrete proportions may be based on the following water-cement ratio limits only for

concrete to be made with cements meeting Types I, lA, II, IIA, III. IIIA. or V of ASTM CI 50.

or Types IS, IS-A, IS(MS), IS-A(MS), IP or IP-A, of ASTM C595. Volume of entrained air
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shall be within limits of Article 1.11.4. Water-cement ratio shall not be greater than that

required by Article 1.11.3.

Specified Compressive Strength Absolute Water-Cement Ratio

of Concrete, f, PSI By Weight*

(28-Day Strength) (Air-Entrained Concrete)

25(X) U.66

3000 0.58

3500 0.51

4000 0.46

•Not applicable to concrete containing lightweight aggregates or admixtures other than those for entraining air.

The above values are based on the use of cement and aggregates meeting the require-

ments of these specifications and the concrete being sufficiently protected from loss of mois-

ture and from low temperatures to insure that proper hardening will develop. When Type III

portaind cement is used in lieu of Type I or Type II portland cement, it may be assumed that

the above values for compressive strength will be obtained at the age of 7 days.

The strength of cylinders made with Types I, lA, II or IIA portland cement and tested

at the age of 7 days shall not fall below 65 percent of the assumed compressive strength at the

age of 28 days. The strength of cylinders made with Types III or IIIA portland cement and

tested at the age of 3 days shall not fall below 65 percent of the assumed minimum compressive

strength at the age of 28 days shown for Types I, lA, II and IIA portland cement.

1.11.5.2 Method 2—With Preliminary Tests

The strength of the concrete shall be established by test made with representative samples

of the materials to be used in the work. The results of the tests shall be submitted to the

Engineer in advance of the beginning of operations. These tests shall be made using the

consistencies suitable for the work and in accordance with ASTM Method of Making and

Curing Concrete Compression and Flexure Test Specimens in the Laboratory, C192, and with

Method of Test for Compressive Strength of Molded Concrete Cylinders, C39. A curve

representing the relation between the water content and the average 28-day compressive

strength or earlier strength at which the concrete is to receive its full working load shall be

established for a range of values including all the compressive strengths called for by the plans

or specifications. The curve shall be established by at least three points, each point represent-

ing average values from at least four test specimens. The maximum permissible water-cement

ratio for the concrete to be used shall be that shown by the curve to produce a strength 15

percent greater than called for by the plans or specifications. If any changes are to be made
in the materials, new curves shall be established by tests as described above.

1.11.5.3 Method 3

—

On Basis of Field Experience

Where a concrete production facility has a record, based on at least 30 consecutive

strength tests that represent similar materials and conditions to those expected, required

average compressive strength used as the basis for selecting concrete proportions shall exceed

required f'c at designated test age by at least:

400 psi if standard deviation is less than 3(X1 psi

550 psi if standard deviation is 3(KJ to 4(K) psi

700 psi if standard deviation is 400 to 5(K) psi

900 psi if standard deviation is 5(X) to 600 psi
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If standard deviation exceeds 600 psi, concrete proportions shall be selected to produce

an average strength at least 1200 psi greater than required f\.

Strength test data for determining standard deviation shall be considered to comply with

the above if data represents either a group of at least 30 consecutive tests or a statistical

average for two groups totaling 30 or more tests.

Strength tests used to establish standard deviation shall represent concrete produced to

meet a specified strength or strengths within 1000 psi of that specified for the proposed work.

Changes in materials and proportions within the population of background tests used to

establish standard deviation shall not have been more closely restricted than for the proposed

work.

1.11.6 Workability

The concrete shall be of such consistency and composition that it can be worked readily

into the corners and angles of the forms and around the reinforcement without the segregation

of materials or the collection of free water on the surface. Subject to the limiting requirements

of Article 1.11.3, the contractor shall, if the Engineer requires, adjust the proportions of

cement and aggregates so as to produce a mixture which will be easily placeable at all times,

due consideration being given to the methods of placing and compacting used on the work.

Fly ash, water reducers, or superplasticizers to increase workability can be used when

approved by the Engineer.

1.11.7 Slump

The slump test may be used as a control measure to maintain the consistency suitable to

the work. When mechanical vibrators are used to compact the concrete, the consistency

suitable to that method shall be used. The slump test shall be made in accordance with the

ASTM Method of Test, C143. In lieu of slump test, the ball penetration Method of Test,

ASTM C360, may be used.

1.11.8 Compression Tests

Specimens for compression tests shall be made and stored in accordance with ASTM
Specification C31. These specimens shall be tested in accordance with ASTM Method of Test,

C39.

1.11.9 Field Tests

During the progress of construction the Engineer will have tests made to determine

whether the concrete which is being produced compares to the quality specified in Article

1.11.5 or as specified by the plans or specifications. The contractor shall cooperate in the

making of such tests to the extent of allowing free access to the work for the selection of

samples and storage of specimens and in affording protection to the specimens against injury

or loss through his operations.

Four cylinders will generally be made for each class of concrete used in any one day's

operation. In special cases this normal number of control specimens may be exceeded when

in the opinion of the Engineer such additional tests are necessary. The contractor, however,

shall not be required to furnish for such additional tests more than 2 cu. ft. of concrete for each

100 cu. yd. of concrete being placed.

Samples of concrete for test specimens shall be taken at the mixer, or in the case of

ready-mixed concrete, from the transportation vehicle during discharge. When, in the opinion
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of the Engineer, it is desirable to taice samples elsewhere, they shall be taken as directed by

him. Such specimens shall be molded immediately after the sample is taken, placed in a

protected spot and kept under moist curing conditions at approximately 70 deg. F for 24 hours,

whereupon they shall be removed to the testing laboratory.

The air content of freshly mixed air-entrained concrete shall be checked at least twice

daily for each class of concrete, or each time cylinders are cast. Changes in air content above

or below the amount specified shall be corrected by adjustments in the mix design or quantities

of air-entraining material being used.

If the strengths shown by the test specimens fall below the values given in Article 1.11.5

or as specified by the plans or specifications, then the Engineer shall have the right to require

changes in proportions to apply on the remainder of the work.

1.12 MIXING

1.12.1 General

The concrete shall be mixed only in the quantity required for immediate use. Concrete

that has developed an initial set shall not be used.

The first batch of concrete materials placed in the mixer shall contain a sufficient excess

of cement, sand, and water to coat the inside of the drum without reducing the required mortar

content of the mix. Upon the cessation of mixing for a considerable period, the mixer shall

be thoroughly cleaned.

Concrete may be mixed at the site of construction, at a central point, or wholly or in part

in truck mixers.

Retempering concrete by adding water or by other means shall not be permitted. Con-

crete that is not within the specified slump limits at time of placement shall not be used.

Admixtures for increasing the workability or for accelerating the set will be permitted only

when specifically provided for in the contract, or when directed.

1.12.2 Site Mixed Concrete

Unless otherwise authorized by the Engineer, the concrete shall be mixed in a batch mixer

of approved type and size which will insure a uniform distribution of the material throughout

the mass. The equipment at the mixing plant shall be so constructed that all materials (in-

cluding the water) entering the drum can be accurately measured and weighed and be under

control. The entire batch shall be discharged from the mixer before recharging. The volume

of the mixed material per batch shall not exceed the manufacturer's rated capacity of the

mixer. Mixing of each batch shall continue for the periods indicated below, during which time

the drum shall rotate at a peripheral speed of about 2(X) ft. per min. The mixing periods shall

be measured from the time when all of the solid materials are in the mixer drum, provided that

all of the mixing water shall have been introduced before one-fourth of the mixing time has

elapsed. The mixer shall have a timing device equipped with a bell or other suitable warning

device adjusted to give a clearly audible signal each time the lock is released. In case of failure

of the timing devices, the contractor will be permitted to operate while it is being repaired,

provided he furnishes an approved timepiece equipped with minute and second hands. If the

timing device is not placed in good working order within 24 hours, further use of the mixer

will be prohibited until repairs are made.

Minimum mixing time shall be as follows:

a. For mixers of a capacity of 1 cu. yd. or less

—

I'A min.
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b. For mixers of capacities greater than 1 cu. yd., the time of mixing shall be increased

25 sec, for each cubic yard capacity or fraction thereof.

The production of concrete shall meet the applicable requirements of ASTM C94.

1.12.3 Ready-Mixed Concrete

Ready-mixed concrete shall be mixed and delivered to the site by any of three methods

of operation; central mixing, shrink mixing or truck mixing. The production of ready-mixed

concrete shall conform to the requirements of ASTM C94.

1.12.4 Delivery

The organization supplying concrete shall have sufficient plant capacity and transporting

apparatus to insure continuous delivery at the rate required. The rate of delivery of concrete

during concrete operations shall be such as to provide for the proper handling, placing, and

finishing of the concrete. The methods of delivering and handling the concrete shall be such

as will facilitate placing with the minimum of rehandling and without damage to the structure

or the concrete.

1.13 DEPOSITING CONCRETE

1.13.1 General

Before beginning placement of concrete, hardened concrete and foreign materials shall

be removed from the inner surfaces of the mixing and conveying equipment. Before depositing

any concrete all debris shall be removed from the space to be occupied by the concrete, and

mortar splashed upon the reinforcement and surfaces of forms shall be removed. Reinforce-

ment shall be checked for position and fastening and approval of the Engineer obtained.

Where concrete is to be placed on a rock foundation, all loose rock, clay, mud, etc., shall be

removed from the surface of the rock. Any unusual conditions or excess fissures shall be

treated as directed by the Engineer. Water shall be removed from the space to be occupied

by the concrete before concrete is deposited, unless otherwise directed by the Engineer. Any
flow of water into an excavation shall be diverted through proper side drains to a sump, or be

removed by other approved methods which will avoid washing the freshly deposited concrete.

If directed by the Engineer water ventpipes and drains shall be filled by grouting or otherwise

after the concrete has thoroughly hardened. All temporary runways for delivery of concrete

must be supported free from all reinforcing steel.

1.13.2 Handling and Placing

Concrete shall be handled from the mixer, or in case of ready-mixed concrete, from the

transporting vehicle, to the place of final deposit as rapidly as practicable by methods which

will prevent the separation or loss of the ingredients. Special care shall be taken to fill each

part of the forms by depositing concrete as near final position as possible, to work the coarser

aggregates back from the face and to force the concrete under and around the reinforcement

without displacing it. Concrete shall not have a free fall of more than 4 ft. unless permitted

by the Engineer. Depositing a large quantity at any point and working it to final position, shall

not be permitted.

Concrete shall be placed in horizontal layers and each layer shall be placed and compacted

before the preceding layer has taken initial set so as to prevent formation of a joint. It shall

be so deposited as to maintain, until the completion of the unit, a plastic surface approximately

horizontal, except in arch rings. Temporary struts or braces within the form shall be removed

when concrete has reached an elevation rendering their further service unnecessary. These
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temporary members shall be entirely removed from the forms and not buried in the concrete.

After the concrete has taken its initial set, care shall be exercised to avoid jarring the forms

or placing any strain on the ends of the projecting reinforcement. Under no circumstances

shall concrete that has partially hardened be deposited in the work.

In placing concrete for an arch ring, the work shall be carried on symmetrically with

respect to the center line, and the working faces of the completed courses shall be on ap-

proximately radial planes. This requirement applies whether or not the arch is placed in

voussoir sections with allowance for key sections for final placement.

In order to allow for shrinkage or settlement, at least 2 hours shall elapse after placing

concrete in walls, columns or stems of deep T-beams before depositing concrete in girders,

beams or slabs supported thereon, unless otherwise specified or shown on the plans. If the

columns are structural steel encased in concrete, the lapse of time to allow for shrinkage or

settlement need not be observed.

Concrete in girders, slabs and shallow T-beam construction shall be placed in one con-

tinuous operation for each span, unless otherwise provided. Concrete shall be deposited

uniformly for the full length of the span and brought up evenly in horizontal layers.

No concrete shall be placed in the superstructure until the pier forms have been stripped

sufficiently to determine the character of the concrete in the piers, and the load of the

superstructure shall not be allowed to come upon abutments, piers and column bents until they

have been in place at least 7 days, unless otherwise permitted by the Engineer.

1.13.3 Chuting

When concrete is conveyed by chuting, the plant shall be of such size and design as to

insure a practically continuous flow in the chute. The chutes shall be of metal or metal lined.

The angle of the chute with the horizontal and the shape of the chute shall be such as to allow

the concrete to slide without separation of the ingredients. The delivery end of the chute shall

be as close as possible to the point of deposit. When the operation is intermittent, the chute

shall discharge into a hopper. The chute shall be thoroughly flushed with water before and

after each run; the water used for this purpose shall be discharged outside the forms. Chutes

must be properly baffled or hooded at the discharging end to prevent separation of the

aggregates.

1.13.4 Pneumatic Placing (Shotcreting)

Shotcrete construction shall be in accordance with ACI Standard "Recommended Prac-

tice for Shotcreting" (ACI 506) and ACI Standard "Specification for Materials, Proportioning

and Application of Shotcrete" (ACI 506.2) of the American Concrete Institute.

1.13.5 Pumping Concrete

The pump and all appurtenances shall be so designed and arranged that the specified

concrete can be transported and placed in the forms without segregation. The pump shall he

capable of developing a working pressure of at least 300 psi, and the pipeline and fittings shall

be designed to withstand twice the working pressure.

Where it is necessary to lay the pipe on a down grade, a reducer shall be placed at the

discharge end of the pipe to provide a choke and thus produce a continuous flow of concrete.

When the type of pump is such that it discharges the concrete in small batches, or by

"belching", a baffle box shall be provided into which the concrete shall he discharged. This

box should preferably be of metal, about 2 ft. square, with open sides so as to permit the

concrete to flow into the forms at right angles to line of discharge. The pipe shall be not less
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than 6 in. nor more than 8 in. outside diameter, and the line shall be laid with as few bends

as possible. When changes in direction are necessary they shall be made with bends of 45 deg.

or less, unless greater bends are specifically permitted. If greater bends are permitted in

special cases, they shall be long-radius bends. The maximum distance of delivery of concrete

by pumping shall be 1000 ft, horizontally and 100 ft, vertically, unless otherwise specifically

permitted by the Engineer. (A 90-deg. bend is figured as equivalent to 40 ft. of horizontal

piping. A 45-deg. bend is equivalent to 20 ft. A 22-'/2 deg, bend is equivalent to 10 ft.) When
pumping is completed, the concrete remaining in the pipeline if it is to be used, shall be ejected

in such a manner that there will be no contamination of the concrete or separation of the

ingredients. The pipeline and equipment must then be thoroughly cleaned. The pipeline can

be cleaned by either water or air. If water is used, a pump shall be provided with a capacity

of at least 80 gpm and capable of developing a pressure of 400 psi. Cleaning of the pipe can

also be accomplished by the use of a "go-devil" which is propelled through the line by water

or air pressure, (The "go-devil" is a dumbbell shaped piece with a rubber cup on each end.

The cups are turned toward the liquid, or air, and the seal is the same as in a simple plunger

pump.) If water is used, it must be discharged outside of the forms. On important work

duplicate pumping equipment and additional pipe shall be provided to prevent delay due to

breakdown of equipment.

1.13.6 Compacting

Concrete shall be thoroughly compacted during and immediately after depositing by

vibrating the concrete internally be means of mechanical vibrating equipment, unless other-

wise directed by the Engineer.

Internal mechanical vibrators shall be of a type approved by the Engineer. They shall be

of sturdy construction, adequately powered, capable of transmitting vibration to the concrete

in frequencies of not less than 3500 impulses per minute and shall produce a vibration of

sufficient intensity to consolidate the concrete into place without a separation of the ingredi-

ents.

The vibratory element shall be inserted into the concrete at the point of deposit and in

the areas of freshly placed concrete. The time of vibration shall be of sufficient duration to

accomplish thorough consolidation, complete embedment of the reinforcement, the produc-

tion of smooth surfaces free from honeycomb and air bubbles, and to work the concrete into

all angles and corners of the forms. However, over-vibration shall be avoided, and vibration

shall continue in a spot only until the concrete has become uniformly plastic and shall not

continue to the extent that pools of grout are formed. The length of time of vibration depends

upon the frequency of the vibration (impulses per minute), size of vibrators and the slump of

the concrete. This length of time must be determined in the field.

The internal vibrators shall be applied at points uniformly spaced, not farther apart than

the radius over which the vibration is visibly effective, and shall be applied close enough to

the forms effectively to vibrate the surface concrete. The vibration shall not be dissipated in

lateral motion but shall be concentrated in vertical settlement in consolidation of the concrete.

The vibrator shall not be used to push or distribute the concrete laterally. The vibrating

element shall be inserted in the concrete mass a sufficient depth to vibrate the bottom of each

layer effectively, in as nearly a vertical position as practicable. It shall be withdrawn com-

pletely from the concrete before being advanced to the next point of application.

To secure even and dense surfaces, free from aggregate pockets or honeycomb, vibration

shall be supplemented by working or spading by hand in the corners and angles of forms and

along form surfaces while the concrete is plastic under the vibratory action.
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A sufficient number of vibrators shall be employed so that, at the required rate of

placement, thorough consolidation is secured throughout the entire volume of each layer of

concrete. Extra vibrators shall be on hand for emergency use and for use when other vibrators

are being serviced.

The use of surface vibrators to supplement internal vibration will be permitted when

satisfactory surfaces cannot be obtained by the internal vibrations alone and when the con-

tractor has obtained the approval of the Engineer of the equipment to be used. Surface

vibrators shall be applied only long enough to embed the coarse aggregate and to bring enough

mortar to the surface for satisfactory finishing.

The use of approved form vibrators will be permitted by the Engineer only when it is

impossible to use internal vibrators. They shall be attached to or held on the forms in such a

manner as to effectively transmit the vibration to the concrete and so that the principal path

of motion of the vibration is in a horizontal plane.

1.13.7 Temperature

Concrete when deposited shall have temperatures within the limits shown in the following

table:

Temperature of air Temperature of Concrete

Degrees F When Placed—Degrees F

Below 30 70 Min. 90 Max.

Between 30 & 45 60 Min. 90 Max.

Above 45 50 Min. 90 Max.

The method of controlling the temperature of the concrete shall be approved by the

Engineer.

1.13.8 Continuous Depositing

Concrete shall be deposited continuously and as rapidly as practicable until the unit of

operation approved by the Engineer is completed. Construction joints in addition to those

provided on the plans will not be allowed unless authorized by the Engineer. If so authorized,

they shall be made in accordance with Article 1.10.1

1.13.9 Bonding

Before new concrete is placed against hardened concrete, the surface of hardened con-

crete shall be cleaned and all laitance removed. Immediately before new concrete is placed,

the surfaces shall be wetted and standing water removed.

1.13.10 Placing Cyclopean Concrete

Cyclopean aggregate shall be thoroughly embedded in the concrete. The individual stones

shall not be closer than 12 in. to any surface or adjacent stones. Stratified stone shall be laid

on its natural bed. Cyclopean aggregate shall be carefully placed to avoid injury to forms or

adjoining masonry.

1.13.11 Placing Rubble Concrete

Rubble aggregate shall be thoroughly embedded in the concrete. The individual stones

shall not be closer than 4 in. to any surface or adjacent stones. Rubble aggregate shall be

carefully placed to avoid injury to forms or adjacent masonry.
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1.13.12 Water Gain

Water gain is characterized by an accumulation of water at the surface. Whenever water

gain appears in the concrete poured, the succeeding batches must be placed sufficiently dry

to correct the over-wet condition by the reduction of the water cement ratio without changing

the proportions of the other ingredients.

1.14 DEPOSITING CONCRETE UNDER WATER

1.14.1 General

The methods specified in Section 1.13 shall be used except when the space to be filled with

concrete contains water which cannot be removed in some practical way. In such cases, and

when authorized by the Engineer, concrete shall be deposited under water in accordance with

the following.

The methods, equipment and materials proposed to be used, shall be submitted first to

the Engineer for his approval before the work is started. The methods used shall be such as

will prevent the washing out of the cement from the concrete mixture, minimize the segre-

gation of materials and the formation of laitance, and prevent the flow of water through or

over the new concrete until it has fully hardened. Concrete shall not be placed in water having

a temperature below 35 deg. F.

1.14.2 Capacity of Plant

Sufficient mixing, transporting and placing equipment shall be provided to insure that the

depositing of all underwater concrete for each predetermined section or unit of the work to

be done, shall be continuous until completion.

1.14.3 Standard Specifications

The materials, preparations and methods to be used in making concrete to be deposited

under water shall all conform to the requirements of these specifications except as modified

or supplemented by the following paragraphs.

1.14.4 Cement

Not less than 610 lbs. of cement per cubic yard of concrete shall be used.

1.14.5 Coarse Aggregates

Aggregate for this work shall be of exceptionally good quality, strong and durable. The

maximum size of aggregate preferably shall be 2 in. and shall not exceed 3 in. The coarse

aggregate shall be well graded in such proportions that the weight of the coarse aggregate shall

be not less than l-'/4 nor more than twice that of the fine aggregate.

1.14.6 Mixing

The cement and aggregates shall be mixed for a period of 2 min. with sufficient water to

produce a concrete having a slump of not less than 6 in. nor more than 8 in. for concrete placed

by tremies, and not less than 3 in. nor more than 6 in. for concrete placed by bottom dump

buckets or for concrete placed in sacks.

1.14.7 Caissons, Cofferdams or Forms

Caissons, cofferdams or forms shall be sufficiently tight to prevent loss of mortar or flow

of water through the space in which the concrete is to be deposited. Pumping will not be

permitted while concrete is being deposited, nor until 24 hours thereafter.
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1.14.8 Leveling and Cleaning the Bottom to Receive Concrete

Before starting to deposit concrete under water, the condition of the bottom shall be

examined and reported upon to the Engineer by a competent diver, and shall be approved by

the Engineer.

The surface of the bottom, whether of clay, rock, or other material, shall be leveled as

directed by the Engineer, before depositing concrete under water.

Where the bottom on which concrete is to be deposited under water is, or is likely to be,

covered with silt, such material shall be removed down to solid material before any concrete

is placed. The method to be used to clean the bottom of silt or similar material, shall be subject

to the approval of the Engineer.

1.14.9 Continuous Work

Concrete shall be deposited continuously until it is brought up to the required elevation.

While depositing, the top surface shall be kept as nearly level as possible, and the formation

of laitance planes avoided.

1 . 14. 10 Methods of Depositing,

One of the following methods of depositing shall be used:

a. Tremie. When concrete is to be deposited under water by means of a tremie, the top

section of the tremie shall be a hopper large enough to hold one entire batch of the mix or the

entire contents of the transporting bucket, when one is used. The tremie pipe shall be not less

than 8 in. in diameter and shall be large enough to allow a free flow of concrete and strong

enough to withstand the external pressure of the water in which it is suspended, even if a

partial vacuum develops inside the pipe. Preferably, flanged steel pipe should be used, of

adequate strength to sustain the greatest length and weight required for the job. A separate

lifting device shall be provided for each tremie pipe with its hopper at the upper end. Unless

the lower end of the pipe is equipped with an approved automatic check valve, the upper end

of the pipe shall be plugged with a wadding of gunnysacking or other approved material,

before delivering the concrete to the tremie pipe through the hopper, which plug will be forced

to and out of the bottom end of the pipe by filling the pipe with concrete. It will be necessary

to slowly raise the tremie in order to cause a uniform flow of the concrete, but the tremie shall

not be emptied so that water enters above the concrete in the pipe. At all times after the start

of placing the concrete and until all concrete is placed, the lower end of the tremie pipe shall

be below the top surface of the plastic concrete. This will cause the concrete to build up from

below instead of flowing out over the surface to avoid formation of laitance layers. If the

charge in the tremie is lost while depositing, the tremie shall be raised above the concrete

surface, and unless sealed by a check valve it shall be replugged at the top end, as at the

beginning, before refilling for depositing concrete.

(Note—Experience has shown that tremie concrete can be placed as above specified, so

that it will flow as much as 50 ft. horizontally from the discharge end of the tremie with a slope

of less than 3 ft. in .50 ft.)

b. Bottom Dump Bucket. Where concrete is to be deposited under water by means of a

bottom dump bucket, the bucket shall be of the type that cannot be dumped until after it has

rested, with its load, on the surface upon which the concrete is to be deposited. The bottom

doors shall be so equipped as to be automatically unlatched by the release of tension on the

supporting line or cable of the bucket, and the bottom doors shall then open downward and

outward as the bucket is raised. The top of the bucket shall be fitted with double, overlapping

canvas flaps, or other approved covers, to cover the contained concrete and to protect it from
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wash when it enters the water and as the bucket descends to the bottom. The bucket,

preferably, should be so designed that the hinged bottom doors will operate inside of a steel

skirt, which skirt will surround the bucket while the bottom doors are shut and will extend

below the bucket as the bottom doors open and hence minimize turbulence and motion while

the concrete is being deposited. The bucket shall be submerged slowly until it is completely

under water. The normal line speed after that shall not exceed 200 ft. per min. After the

bucket has reached the surface on which the concrete is to be deposited it shall be raised slowly

for the first 6 or 8 ft. while the concrete is being deposited.

c. Placing Sacks of Concrete. Where a relatively small amount of concrete is to be placed

that does not warrant the equipment required for other tremie or open-bottom bucket meth-

ods, concrete may be placed under water in sacks or bags. In such case the space shall be filled

with sacks of concrete carefully placed by hand in header and stretcher formation, so that the

whole mass becomes interlocked. Sacks used for this purpose shall be made of jute or other

coarse material free from deleterious materials, and shall be filled about two-thirds full of

concrete and the sack openings securely tied.

d. Grouted Aggregate. Installed by placing coarse aggregate in the forms, then injecting

cement grout through pipes which extend to the bottom of the forms. The pipes are wighdrawn

as grouting proceeds. The grout forces the water from the forms and fills interstices in the

aggregate.

The coarse aggregate shall be placed in horizontal layers of such maximum thickness as

will provide a dense fill without segregation and shall be well compacted.

The grout mixture shall be applied under such pressure and at such consistency as will

insure complete filling of voids, and grout pipes shall be properly spaced to be consistent with

this requirement.

Mineral fillers and admixtures may be added to the grout mixture if approved by the

Engineer.

The grout mixture required for this class of work necessitates the use of special mixers and

agitators to deliver suitable grout in place. This equipment and all grout lines shall be main-

tained in good operating condition. After every shift or work stoppage, they shall be cleaned

of all grout.

1.14.11 Soundings

During the time that concrete is being deposited under water, soundings shall be con-

tinuously taken to the surface of the deposited concrete and recorded. The surface of the

deposited concrete shall be maintained relatively level over the area being covered.

1.14.12 Removing Laitance

Upon completing a unit or section of underwater concrete, any laitance or silt collecting

on the upper surface of the same shall be removed and the concrete surface thoroughly

cleaned, if additional concrete is to be deposited on that surface.

1.14.13 Concrete Seals

Under favorable conditions it will be possible to place underwater concrete of a limited

thickness in the bottoms of caissons or cofferdams and so completely seal the structures that

after the concrete has set, all water can be pumped out. In such cases, if it is economical to

do so, the water shall be pumped out, the exposed surfaces cleaned and the balance of the

concrete deposited in air.
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1.15 CONCRETE IN SEA WATER

1.15.1 Concrete

Unless otherwise specifically provided, concrete for structures in, or exposed to, sea

water shall be air-entrained in accordance with Article 1.11.4, and shall be made with Type

II or IIA Portland cement having a maximum tricalcium aluminate content of 8 percent.

Concrete in sea water from 2 ft. below low water to 2 ft. above high water, or from a plane

below to a plane above wave action, shall contain a minimum of 660 lbs. of portland cement

per cubic yard. Other concrete in sea water or exposed directly along the sea coast shall

contain a minimum of 560 lbs. of portland cement per cubic yard. The concrete shall be mixed

for a period of not less than 2 minutes and the water content of the mixture shall be carefully

controlled and regulated so as to produce concrete of maximum impermeability. Porous or

weak aggregates shall not be used.

1.15.2 Depositing in Sea Water

Between levels of extreme low water and extreme high water as determined by the

Engineer, sea water shall not come in direct contact with the concrete for a period of not less

than 30 days. Sea water shall not be allowed to come in contact with other concrete in or

exposed to sea water until it is hardened for at least 4 days. Concrete may be deposited in sea

water only when so approved by the Engineer. The original surface, as the concrete comes

from the forms, shall be left undisturbed.

1.15.3 Construction Joints

Concrete shall be placed in such a manner that no construction joints shall be formed

between levels of extreme low water and extreme high water as determined by the Engineer.

Construction joints outside the level between extreme low water and extreme high water shall

be held to the minimum necessary, and all construction joints shall be made as described in

Article 1.10.4 and Article 1.13.9.

1.15.4 Minimum Cover

Reinforcing steel or other corrodible metal shall be placed not less than 4 in. from face

of the concrete to the nearest face of the reinforcing steel or other corrodible metal.

1.15.5 Protecting Concrete in Sea Water

Where severe climatic conditions or severe abrasions are anticipated, the face of the

concrete from 2 ft. below low water to 2 ft. above highwater, or from a plane below to a plane

above wave action, shall be protected by stone of suitable quality, dense vitrified shale brick

as designated or as required by the Engineer, or in special cases the protection may be

creosoted timber.

1.16 CONCRETE IN ALKALI SOILS OR ALKALI WATER

1.16.1 Condition of Exposure

In areas where concrete may be exposed to injurious concentrations of sulfates from soils

and waters, concrete shall be made with sulfate resisting cement. The following Tabic 1.16.1

gives limitations on tricalcium aluminate content in cement for varoius exposure conditions,

severity of conditions may be judged by the extent of deterioration which has occurred to

concrete previously used in the immediate vicinity or from the sulfate concentrations found in

either the soil or the water.
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1.16.2 Concrete for Moderate Exposure

Concrete for moderate sulfate exposure shall be made from Type II or specified portland

blast furnace slag cement Type IS (MS), and portland pozzolan cement Type IP (MS) may be

used to meet the 8 percent tricalcium aluminate limitation. Concrete shall contain not less than

610 lbs of cement per cu.yd. The concrete shall be air-entrained in accordance with Article

1.11.4.

1.16.3 Concrete for Severe Exposure

Concrete for severe sulfate exposure shall be made using Type V portland cement with

a 5 percent maximum tricalcium aluminate content. Concrete shall contain not less than 660

lbs. of cement per cu.yd. The concrete shall be air-entrained in accordance with Article 1.11.4.

1.16.4 Concrete for Very Severe Exposure

Concrete for very severe exposure shall be made using Type V portland cement with a 5

percent maximum tricalcium aluminate content plus pozzolan. The pozzolan used should have

been determined by tests to improve the sulfate resistance of concrete containing a cement

with a maximum tricalcium aluminate content of 5 percent or less. The concrete shall contain

not less than 660 lbs. of cement per cu.yd. The concrete shall be air-entrained in accordance

with Article 1.11.4.

Note: Type III may also be specified to meet either the 5 or 8 percent tricalcium aluminate

limitation. In certain areas the tricalcium aluminate content of other types of cement may be

less than 5 or 8 percent. Sulfate resisting cement will not increase resistance to some chemically

aggressive solutions, for example ammonium nitrate. The special provisions of the project

specifications shall cover all special cases.

1.16.5 Construction Joints

Wherever possible, placing of concrete shall be continuous until completion of the section

or until the concrete is at least 18 inches above ground or water level. If construction joints

are required they shall be minimized, and all construction joints shall be made as described

in Section 1.10 and Article 1.13.9.

1.16.6 Minimum Cover

Reinforcing steel or other corrodible metal shall be placed not less than 4 in. from face

of the concrete to the nearest face of the reinforcing steel or other corrodible metal.

1.16.7 Placement of Concrete

Alkaline water or soils shall not be in contact with the concrete during placement and for

a period of at least 72 hours thereafter.

1.17 CURING

1.17.1 Cold Weather Curing

In freezing weather, or when there is likelihood of freezing temperatures within the

specified curing period, suitable and sufficient means must be provided before concreting, for

maintaining all concrete surfaces at a temperature of not less than 50 dcg. F. for a period of

not less than 7 days after the concrete is placed when Type I, lA. II or IIA portland cement

is used, and not less than 3 days when Type III or IIIA portland cement is used.

The temperature of concrete surfaces shall be determined by thermometers placed
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against the surface of the concrete. Provision shall be made in form construction to permit the

removal of small sections of forms to accommodate the placing of thermometers against

concrete surfaces at locations designated by the Engineer. After thermometers are placed, the

apertures in forms shall be covered in a way to simulate closely the protection afforded by the

forms.

In determining the temperatures at angles and corners of a structure, thermometers shall

be placed not more than 8 in. from the angles and corners. In determining temperatures of

horizontal surfaces, thermometers shall rest upon the surface under the protection covering

normal to section involved.

Temperature readings shall be taken and recorded at intervals to be designated by the

Engineer, over the entire curing period specified, and the temperatures so recorded shall be

interpreted as the temperature of the concrete surfaces where the thermometers were placed.

When protection from cold is needed to insure meeting these specification requirements,

all necessary materials for covering or housing must be delivered at the site of the work before

concreting is started and must be effectively applied or installed, and such added heat must

be furnished as may be necessary without depending in any way upon the heat of hydration

during the first 24 hours after concrete is placed when Type I, lA, II or IIA portland cement

is used, or the first 18 hours when Type III or IIIA portland cement is used. The methods of

heating and protecting the concrete shall be approved by the Engineer. Chemicals or other

foreign materials shall not be mixed with the concrete for the purpose of preventing freezing.

unless approved by the Engineer.

When heat is supplied by steam or salamanders, covering or housing of the structure shall

be so placed as to permit free circulation of air above and around the concrete within the

enclosure, but to the exclusion of air currents from without, excepting that where salamanders

are used, sufficient ventilation shall be provided to carry off gases. Special care shall be

exercised to maintain the specified temperature continuously and uniformly in all parts of the

structure enclosures, and to exclude cold drafts from angles and corners and from all

projecting reinforcing steel. All exposed surfaces in the heated enclosure shall be kept con-

tinuously wet during the heating period unless heat is supplied in the form of live steam.

1.17.2 Hot Weather Curing

The temperature of concrete at times of placement shall not exceed 90 deg. F. When the

temperature of the concrete approaches 90 deg. P., special efforts to prevent too rapid drying

out must be made.

Continuous wet curing is preferred and shall commence as soon as the concrete has

hardened sufficiently to resist surface damage. Wet curing shall be carried out in accordance

with the practice recommended under Article 1.16.3. Curing Water shall not be much cooler

than the concrete to avoid temperature-change stresses resulting in cracking. Exposed, un-

formed concrete surfaces shall be protected from wind and direct sun.

1.17.3 Wet Curing

All concrete surfaces when not protected by forms, or membrane curing compounds,

must be kept constantly wet for a period of not less than 7 days after concrete is placed when
Type I, lA, II or IIA portland cement is used, or not less than 3 days when Type III or IIIA

portland cement is used.

The wet curing period for all concrete which will be in contact with brine drip, sea water,

salt spray, alkali or sulfate-bearing soils or waters, or similar destructive agents, shall be

increased to 50 percent more than the periods specified for normal exposures. Salt water and
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corrosive waters and soils shall be kept from contact with the concrete during placement and

for the curing period.

When wood forms are left in place during the curing period they shall be kept sufficiently

damp at all times to prevent openings at the joints and drying of the concrete.

1.17.4 Membrane Curing

Membrane curing, or membrane curing following preliminary wet curing, may be substi-

tuted for wet curing with approval of the Engineer.

Liquid membrane-forming compounds shall meet the requirements of ASTM Specifica-

tion C309. The compound may be clear (may contain a fugitive dye), white pigmented, or

light-gray pigmented as specified by the Engineer.

The compound shall be applied at the coverage rate of 150 or 200 sq. ft. per gal. to all

exposed concrete surfaces except areas where concrete or other material is to be bonded, such

as construction joints and areas to be dampproofed or waterproofed.

The compound shall be sprayed on finished surfaces as soon as the surface water has

disappeared. Spraying equipment shall be of the pressure-tank type with provision for con-

tinual agitation of the contents during application. The compound shall be applied in one coat

by spraying one-half of a given area in one direction and the remaining one-half at right angles

to this direction. If forms are removed during curing period, concrete shall be sprayed lightly

with water and the moistening continued until the surface will not readily absorb more water.

The compound shall then be sprayed or brushed on the concrete surface as soon as the

moisture film has disappeared.

The continuity of the coating must be until the fourteenth day after the concrete has been

placed when Type I, lA. II or IIA portland cement is used, or until the seventh day when Type

III or IIIA Portland cement is used.

1.17.5 Steam Curing

Steam curing shall be done in an enclosure capable of containing the live steam in order

to minimize moisture and heat losses. The application of the steam shall be delayed from 2 to

4 hours after final placement of concrete to allow the initial set of the concrete to take place.

If retarders are used, the waiting period before application of the steam may be increased to

from 4 to 6 hours. The steam shall be at 1(X) percent relative humidity to prevent loss of

moisture and to provide excess moisture for proper hydration of the cement. Application of

the steam shall not be directly on the concrete. During application of the steam, the ambient

air temperature shall increase at a rate not to exceed 40 deg. F. per hour until a maximum
temperature of from 140 to 160 deg. F. is reached. This temperature shall be held for 12 to

18 hours or until the concrete has reached the required strength. In discontinuing the steam,

the ambient air temperature shall decrease at a rate not to exceed 40 deg. F. per hour until

a temperature has been reached about 20 deg. F. above the temperature of the air to which

the concrete will be exosed. The concrete shall not be exposed to temperatures below freezing

for 6 days after casting.

1.18 FORMED SURFACE FINISH

1.18.1 General

The following requirements, in addition to the provisions hereof applying to forms,

mixing, conveying, depositing, etc., except as modified by the plans or by the direction of the

Engineer, shall be applicable to the construction of concrete surfaces exposed upon the

completion of the structure:
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a. All face forms shall be smooth and watertight. If of wood, the face boards shall be sized

to a uniform thickness and all offsets or inequalities dressed to a smooth surface. They shall

be tightly placed and all openings and cracks pointed flush, as directed by the Engineer, to

prevent leakage and the formation of fins. Forms shall be so constructed that they can be

removed without hammering or prying against the concrete surface.

b. Exposed surface shall be case in one continuous operation between prescribed con-

struction limits. Joints not shown on the plans shall be made only as directed by the Engineer

and shall be true to line with sharp unbroken edges beveled or rounded as specified.

c. The concrete shall be so mixed, placed and compacted that the aggregate is uniformly

distributed and a full surface of mortar brought against the form free from air pockets and void

spaces.

d. The forms shall be carefully removed, and any fins or projections neatly removed as

directed by the Engineer. If there should be found any small pits or openings in the exposed

surface of the concrete or if bolts are used for securing the forms, the ends of which on removal

leave small holes, the surface shall be thoroughly saturated with water and all such holes, pits,

etc., shall be neatly stopped with pointing mortar of cement and fine aggregates in the same

proportion as used in the concrete, and smoothed even with the surface with a wooden float.

The mortar shall be mixed in small quantities and shall be used while still plastic.

All such work in connection with the correction of damaged sections, voids or honeycomb
shall be performed under the direction of the Engineer.

e. No mortar or cement shall be applied to the surface except to fill pits or voids, tie bolt

holes, etc., as above provided, and not by plastering.

1.18.2 Rubbed Finish

The surface shall be rubbed only when called for on the plans or directed by the Engineer.

After all voids are filled, the surface shall be thoroughly wetted and rubbed with a

carborundum brick, or similar abrasive, to a smooth, even finish of uniform appearance

without applying any cement or other coating.

1.19 UNFORMED SURFACE FINISH

1.19.1 General

After the concrete is placed and compacted the surface shall be struck off and finished

with floats and trowels or finishing machines in a manner approved by the Engineer. The edges

shall be finished with an edging tool satisfactory to the Engineer. Care shall be taken to avoid

an excess of water in the concrete and to drain or otherwise promptly remove any water that

accumulates on the surface. Dry cement, or a mixture of cement and sand, shall not be

sprinkled directly on the surface.

All horizontal surfaces of bridge seats, except those directly under bearing plates, shall

be sloped to drain.

1.19.2 Sidewalk Finish

The top surface of all walks shall be floated and troweled to a smooth finish with a steel

trowel. After the water sheen has disappeared, the surface shall be given a final finish by

brushing with a bristle brush. The brush shall be drawn across the walk, at right angles to the

edge of the walk, with adjacent strokes slightly overlapping, producing a uniform surface,

moderately roughened by parallel brush marks. The stiffness of the bristles and the time at
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which the surface is finished shall be such as to leave well defined brush marks. The brush shall

be kept clean at all times to avoid depositing mortar picked up by it during previous strokes.

1.20 DECORATIVE FINISHES

1.20.1 General

Any special or decorative finish which may be required will be done as called for on the

plans and will be covered by a separate specification.

Your committee recommends that Chapter 8 manual pages 8-2-2.1, 8-5-13 and 8-5-14 be

deleted from the manual because they are duplications of other material already included in

the chapter.
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Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

Recommendations for Further Study and Research.

This subcommittee continues to monitor the activites of the other subcommittees, to

ensure that their titles are appropriate; that new subcommittees are recommended as neces-

sary, and that existing subcommittees are dropped when their assignments are complete. It

also is continually evaluating new developments in areas related to the committee as a whole,

especially in the area of research, to ensure that the committee is kept abreast of new

developments. To accomplish this goal, the subcommittee maintains liaison with other com-

mittees, such as TRB as well as with research oriented organizations, such as TSC. This is a

continuing assignment and it is intended that this subcommittee be continued status quo.

B. Revision of Manual.

An extensive manual recommendation was made this past year, and was published in an
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AREA bulletin. It does not appear that another manual recommendation will be made until

mid 1982. This is also a continuing topic, and it is intended that this subcommittee be

continued for future manual changes as required.

1. Drainage and Foundations for Highway/Railway Grade Crossings.

This subcommittee is concentrating on developing additional data with regard to the use

of engineering fabrics (Geotextiles) in track structures under and adjacent to crossings,

including their interface with other drainage structures that may be present. The subcom-

mittee is still accumulating reports on this matter as submitted by various subcommittee

members pertaining to actual experiences. It is intended that recommendations for installation

of these materials will be completed this next year, provided that field testings results are

conclusive enough. If final results can not be formulated in the form of a manual recommen-

dation, another informational report will be made for publication in a future bulletin. It is

recommended that this topic be continued.

2. Merits and Economics of Types of Grade Crossing Surfaces.

This subcommittee reports on experiences of the various railroads and states with regard

to crossing surfaces, primarily on the newer patented types. It is still attempting to develop

guidelines for installation of different types of crossing surface materials based on the physical

characteristics and needs of the crossings, and is having difficulty in placing weights on the

many variables. This issue will be pursued to conclusion.

3. Summary Reporting of Significant Publications on Grade Crossing Safety.

This subcommittee reviews and reports on various publications involving highway-rail

intersections that it feels will be of interest to AREA Members. Liaison is maintained with

research organizations as well as other related committees to share information and to obtain

access to additional sources of materials. A report will be included in the next bulletin. It is

recommended that this subcommittee be continued.

4. Evaluation of Developments in Passive and Non-train Actuated Grade Crossing Traf-

fic Control Devices.

This subcommittee continues to monitor developments in the area of Passive Warning

Devices, and there will be a bulletin submission this year. Topics will include a study of

experimental railroad crossing signs performed by the Illinois D.O.T. ; and update on revisions

to the Canadian crossbucks; and a report on an instrument designed to measure the reflectivity

of reflective signs. It is recommended that this subcommittee be continued.

5. Grade Crossing Safety and Public Awareness.

This subcommittee has completed a study of driver training manuals and distribution has

been made to Committee 9 Members. The entire report will not be submitted for a bulletin

publication due to its length, although a summary report will be submitted. This subcommittee

also maintains liaison with safety oriented groups, such as Operation Lifesaver. and makes

reports as necessary to the committee to keep members abreast of current developments.

6. Traffic Control in Railway/Highway Work Zones.

This is a new assignment this year, and the subcommittee is still attempting to gather data

as to the various states and railroads practices and requirements in this area. There will be a

bulletin submission made upon completion of this study.

7. Evaluation of Developments in Train-Actuated Grade Crossing Traffic Control De-

vices.

This subcommittee has completed one phase of a study relating to state requirements and
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placement of automatic crossing warning devices as well as barricades which will be submitted

for bulletin publications. Additionally, the subcommittee maintains liaison with AAR Com-
mittee D to keep members abreast of current developments in this area.

10. Summary Reporting of Administration of State Crossing Safety Programs.

This subcommittee kept the committee's members, as a whole, aware of the status of the

crossing programs in general. Included in this area were reports as to current legislation

providing funding for crossing improvements; the status of rule making procedures; the

situation regarding obligation rates of funds currently available; current developments being

handled by the AAR that affect crossing programs on a national level, such as crossing

inventory developments and research programs being undertaken by the AAR that relate to

crossing safety programs. Additionally, this subcommittee reported on local, regional and

national meetings involving the Grade Crossing Programs that were of interest to the com-

mittee.

11. Railway/Highway Public Interaction.

This is a new assignment this year, and the subcommittee has been active in establishing

priorities for study. The current topic of concentration is that of a study fo develop guidelines

for reduction of crossing blockage by increasing train speeds over crossings where unrealistic

speed ordinances exist. A report on this topic will be submitted in 1982 and will include site

specific examples.

The Committee on Highway-Railway Programs,,

C. Shoemaker, Chairman
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Committee

Those whose names are shown in boldface, in addition to the Chairman and Vice Chair-

man are Subcommittee Chairmen.

To The American Railway Engineering Association:

Your committee reports on the following subjects:

1

.

Review of Table in Section 1.4.1.

Table 1 is a very important part of Chapter 10 since it prescribes the flcxural performance

requirements for concrete ties by specifying allowable rail seat and center of tie positive and

negative bending moments. Until more data is available from current research and in track

performance, the Subcommittee has recommended that the table be reduced to show only 24

inch tie spacing and that the bending moments for M) inch spacing be specified. This was put

to letter ballot, passed by the Committee and will be published in the appropriate bulletin.

This Subcommittee will continue to monitor research and field data as it becomes avail-

able to further improve Table I.

2. Investigate electrical properties of concrete tie systems.

This subcommittee has been assembling data input from a number of Railroad Signal

Engineers and the Signal Section of the AAR. Jennifer ()"Dea. Mechanical Engineer. South-

ern Railroad has received permission to carry out laboratory tests comparing the electrical

properties of concrete and timber tie systems. This work should be of value to the Subcom-

mittee.

?>. Investigate the need for two block ties.

This Subcommittee has recommended that the specification for two block ties be retained

in the manual since they are still used by some foreign railroads. Since the report on this

assignment has been completed, this Subcommittee is terminated

4. Investigate cracks.

This Subcommittee is studying the following:
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(a) If a tie is cracked in testing and passed the test requirements, should it be used in

track?

(b) What constitutes a crack. The Subcommittee is progressing with the assignment.

Data from tie performance in the N.E. Corridor should be useful to this Subcommittee.

5. Investigate tie pad and insulator requirements.

This Subcommittee is working on requirements for optimum performance for tie pads

including maintenance cycles for their renewal. Data is being collected from concrete tie user

railroads in North America on tie pad performance including review of current research on the

northeast corridor tie pad performance.

6. Investigate ballast requirements.

Ballast that performs well under timber ties does not necessarily perform well under

concrete ties. This Subcommittee will continue to monitor and upgrade if necessary the

current specification for ballast under concrete ties.

Committee 10 is keeping a close watch on the concrete tie cracking that is occurring

in the North East Corridor. Battelle-Columbus Laboratories has constructed a machine in

their laboratory that can duplicate the dynamic response in the ties in their laboratory that

occurs in the ties in service in the N.E. Corridor track. The results of testing and research

of this nature will be of considerable help to the Committee in improving the current

specifications.

The Committee on Concrete Ties,

J. R. Williams, Chairman
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Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman

and secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual

No Report.

1. Accounting

This Subcommittee has the continuing assignment of gathering and/or distributing

accounting information to Committee 11 . At the present time they are researching

the ramifications of the I.C.C. NPR Docket #66988 pertaining to Depreciation

Accounting for Track Structures. It is anticipated this assignment will be extremely

pertinent during the next few months.

2. Bibliography

This Subcommittee will continue to distribute articles of interest as they apply to

Engineering Records and Property Accounting.

3. Office and Drafting Practices

Current assignment of this Subcommittee is to report on means to eliminate dupli-

cation between engineering and property accounting records and reports.

4. Taxes

This Subcommittee also has the continuing assignment of gathering and distrib-

uting information on taxes to Committee 1 1 . At the present time they are actively

engaged in interpreting and disseminating information on the new Economic Re-

covery Tax Act.
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Ad Hoc

This Subcommittee has been temporarily established to keep pace with the proposed track

depreciation rules, and if appropriate, make the necessary preparations for a presentation to

the A.R.E.A. General Session.

The Committee on Engineering Records and Property Accounting

G. R. Gallagher, Chairman
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Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman

and secretary, are the subcommittee chairmen.

To The American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual:

All active subcommittees have been assigned the task of extensive revisions to the man-

ual during year 1981-1982 in addition to other committee assignments.

1. Water Pollution Control

No report for 1981. New assignment to be completed in 1982: Compile require-

ments of each State for certification of wastewater treatment operators.

2. Air Pollution Control

No report for 1981. New assignment to be completed in 1982: Investigation of all

sources of hydrocarbon emissions from railroad activities and recommend alter-

nate means of control.

3. Land Pollution Control

Committee submits for Bulletin publication as information a report on "In-

vestigation and Control of Groundwater Contamination". The new assignment to

be completed in 1982: Investigation of Crosstic Disposal Alternatives. Subcom-
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mittee name change requested to "Solid Waste Management and Land Pollution

Control".

4. Industrial Hygiene

No report. This subcommittee has been inactive. However, with the establishment

of an industrial hygiene position on several roads, an effort will be made to bring

these people into A.R.E.A. and Committee 13 to reactivate this subcommittee.

5. Plant Utilities

No report. This subcommittee was reactivated in 1981 to revise Part 5.6 "Loco-

motive Fueling Facilities". However, it appeared that the entire Part 5 was in need

of extensive revising and this will be the 1982 assignment. There are some questions

as to the extent to which Committee 13 should be involved in plant utilities. It was

the consensus of the committee that we should collaborate with Committee 6 on

this subject.

6. Noise Pollution Control

Committee submits for Bulletin publication as information "Noise Barrier Tech-

nology". The 1982 assignment is to review railroad workplace noises and en-

gineering recommendations to abate them. This subject will require two years.

7. Environmental Education

No report. The committee was requested by the Board Committee on Technical

Activity to provide more information as to what is being proposed for analysis and

study on this subject.

This committee was formed to promote our sponsorship of the 1980 Student Design

Competition. It was the consensus of the committee that we continue in 1981 to

be of any assistance to other committees sponsoring this competition. At the Sep-

tember 1981 committee meeting the continuance of this committee was fully dis-

cussed. The full committee decided to retain this subcommittee to develop audio-

visual programs on railroad environment for "in House" educational presentation

to management, supervisors and employees. The 1982 assignment will be to pre-

pare a program on railroad environmental concerns to be presented to manage-

ment level personnel.

8. Environmental Economics

No report. This subcommittee has attempted through letter circulation to railroad

members and another A.R.E.A. committee to get some guidance on how this sub-

ject should be pursued. It is felt that it would be valuable information if through

accounting procedures we could develop accurate information on operation and

maintenance costs of railroad environmental facilities. Capital costs are no prob-

lem. Due to the number of different departments involved and the different ac-

counting procedures this has been difficult to do. The committee feels that due to

the nature of the subject it should not be pursued by an environmental engineering

committee and proposed to drop this subject in 1982.

The Committee on Environmental Engineering

R. S. Bryan, Jr., Chairman
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REPORT ON ASSIGNMENT 3

Land Pollution

M. P. Stehly (Chairman, Subcommittee), M. J. Boyer,

W. M. Cummings, J. C. Dietz, G. E. Meier, R. G. Michael,

R. J. Spence, H. B. Wyche, Jr.

Your subcommittee submits the following report as information:

I. INTRODUCTION

Groundwater contamination associated with the railroad industry can become a complex

problem of considerable magnitude. The most publicized cases usually relate to chemical spills

caused by derailments; however, stationary facilities can generate significant groundwater

contamination problems also. Very large, older shops and tie treating plants commonly have

groundwater problems. Most oil contamination of the groundwater is associated with the

locomotive fueling facility including the oil storage and transfer equipment.

Except in incidents of known chemical spills, the investigation and subsequent corrective

action, if required, frequently has not been forthcoming until the contaminant migrates to the

surface some distance from the original point of entry and manifests itself as a surface water

contamination problem. Under past environmental laws this usually was treated as a spill, and

required immediate action to develop temporary containment in the surface water. Further

studies then were initiated to better define the magnitude of the problem along with potential

solutions. Numerous states have promulgated groundwater protection and hazardous waste

regulations aimed at identifying and eliminating groundwater contamination problems before

the pollutants migrate to surface waters.

The following sections discuss the primary components necessary to conduct a thorough

and orderly investigation and containment of groundwater contamination. The main emphasis

of this report is directed towards stationary facilities; however, many portions of the report are

pertinent to rolling stock incidents also.

II. DEVELOPMENT OF BACKGROUND SITE INFORMATION

Discovery of a fixed facility related groundwater contamination problem normally takes

place either when the contaminant migrates out of the ground or when the substance has

appeared in nearby wells, sewers, basements, etc. The first step in addressing such a problem

is to inventory potential sources on railroad property along with other potential sources in the

area not associated with railroad operations. This should be followed by the accumulation and

study of all available hydrogeological information about the area.

Plant Facilities and History

The review of railroad valuation (VAL) maps followed by a visit to the site will serve as

a good start toward compiling an inventory of on-site storage, loading and unloading and

servicing facilities, and pipeline routes. More exploration and investigation may be required

to determine whether these facilities have been relocated, particularly at old yard locations.

If so, former locations should be identified. It is essential that all potential sources, both past

and present, be identified. Experience has shown that contamination problems can result from

recent large spillage incidents such as pipeline leaks or chronic lesser spillage or waste disposal

accumulating over many years. Prudence dictates that the former possibility be investigated

first.

Records should be studied to look for any trends or sudden increase in contaminant usage

that are not explained by increases in servicing rates. Unfortunately in the case of fuel oil
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contamination, past fuel consumption records usually are not detailed enough or sufficiently

accurate to discover losses that occur through minor or moderate leaks.

As a next step, existing physical facilities, as well as any past "abandoned in place"

facilities should be checked for leakage. This can often be a difficult and time consuming task,

particularly if lines cannot be put out of service for testing. Obviously if a leaking underground

facility is found to be the source, the leakage can be corrected and the remaining groundwater

problem dealt with as outlined in a subsequent section of this report.

Off-Site Sources

Contamination may be from a source other than the railroad operations. An inventory of

other potential sources can best be made by a physical search of the local area. In addition to

the obvious sources such as bulk terminals, all other potential sources should be investigated,

including truck terminals, construction equipment storage yards, pipelines tranversing the

area, etc. U.S. Geological Survey maps can be utilized to define the drainage area to the point

of migration. The limits of the survey can usually be safely confined to this defined drainage

area, or slightly beyond, as subsurface migration of oil almost always follows a gradient within

a given drainage area. Some exceptions to this will be noted below.

Site Conditions and Geology

Part of any investigation of groundwater contamination in the vicinity of a railroad is a

determination of the probable area of distribution and the principal direction(s) of ground-

water migration. This portion of the overall investigation may be resolved as part of the

original determination as to the actual source (railroad or otherwise), but more often is

established as part of a more intensive investigation of the yard itself and the migration route

to the point of surfacing.

Determination of the migration rate is normally accomplished by a two-stage in-

vestigation. An initial study of all available information should be made to establish probable

conditions and patterns. Verfication is then made by developing an actual groundwater mon-

itoring program, the components of which are presented in the next section.

In reviewing available information, a good starting point is to obtain the previously

referenced U.S. Geological Survey (U.S.G.S.) quadrangle sheets in the 7'/: minute scale.

These maps are available for most areas in the United States, and can be obtained through

certain State Agencies, local engineering equipment and map sales offices, hiking and back-

packing stores, and various regional U.S.G.S. offices. Published maps of every area in the

U.S. can be obtained through the U.S.G.S. offices in Reston, Virginia (eastern), or Denver,

Colorado (western). These maps show a good deal of surface detail, drainage patterns, and

20 foot contour intervals. All railroad lines and general yard areas are also indicated, current

to the map revision date. These maps are invaluable in beginning and carrying out such an

investigation.

Railroad engineering files may include aerial photographs, localized surveys, VAL maps

and other useful material for initial tracking. They are of particular use in locating pipelines,

abandoned turntables and other buildings that often serve as migration paths and subsurface

accumulation points for the contaminants.

One common problem encountered is the determination of original topography beneath

very old yards built on large fill areas. If no existing drawings or other maps of the area are

available through railroad engineering offices, one must resort to discussions with employees

who may be familiar with original topography. Occasionally, original U.S.G.S. maps prepared

before the yard was constru''*'"d may be available through the previously referenced sources.
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Another source for older maps and other local survey information are local engineering firms

that have been in business in that area for long periods of time.

Another useful piece of information is the location of old culverts, storm drains and

abandoned inlets. While railroad valuation maps usually show all such information, city and

county engineering offices and the previously referenced local consulting engineering offices

may have additional sources.

For subsurface conditions, the primary sources of information are existing soil boring

data. These are often available through the railroad engineering offices if they were taken for

structural investigation purposes. Local soils engineering consultants often have boring data

near the site and can usually provide invaluable insight into soil and groundwater conditions

that might be expected. Well logs are available in many locations and are good sources of

information also.

Confirmation of existing data regarding movement or migration is essential to the in-

vestigation. The next section will provide some general direction as to establishment of a

monitoring system to explore this. Oil and other non-soluble lighter-than-water material will

migrate on the surface of the groundwater table in the same direction as the groundwater.

Other contaminants may mix and flow with the groundwater. The direction or "gradient" of

groundwater flow often follows surface topography, although numerous factors, both material

and artificial, will affect movement. Rock ledges, impermeable clay layers and sand seams not

evident from the surface can radically redirect the direction and rate of flow. For example,

backfilled trenches over pipelines will usually provide a path of less resistance and redirect

flow. Abandoned turntables, filled-in basements and the like can both redirect flow and serve

as underground reservoirs for the contaminant.

III. DESIGN OF THE GROUNDWATER MONITORING STUDY

Objectives

The objectives of the monitoring program normally will include source location and

confirmation of migration routes. The monitoring system may be developed in order to

determine whether the contaminant is, in fact, coming from railroad property, to define a

specific path of migration from an already defined source, or to determine what the specific

source is on railroad property.

While these three examples encompass the majority of purposes, there may be others.

Defining the purpose of the monitoring will provide insight into the required number, depth

and location of wells. Presented below is a description of a possible monitoring program for

the three example conditions cited above, along with some general information on boring and

well characteristics.

The use of outside consultants familiar with groundwater problems is recommended if the

railroad investigator is not experienced in this field. This assistance may come from an

environmental or soils and testing firm. It is desirable to have a firm familiar with the local

area; however, expertise in groundwater problems may be difficult to find locally. The selec-

tion of a consulting firm often involves a trade-off between local knowledge and groundwater

expertise.

Description of Monitoring System

1 . Well Design
—

"Borings" made for subsurface exploration are used synonymously with

"monitoring wells". There is a difference, and a purpose for each. Borings are holes drilled

into the earth, usually with a hollow stem auger or other bit suitable for the soil conditions at

the site while a monitoring well is a boring that is normally cased for the purpose of providing



336 Bulletin 686—American Railway Engineering Association

a long-term, stable site for determination of groundwater levels, sampling and general obser-

vations. Borings are useful for rapid determination of the presence or absence of oil on the

groundwater surface at any given point, if the groundwater table is not extremely deep. Soil

samples for chemical and physical analysis can be obtained during boring operations. Uncased

borings will cave in relatively quickly, depending on depth, soil cohesiveness and nearby loads

or vibration (e.g. train traffic).

Cased wells provide a monitoring location that will last virtually indefinitely if not dis-

turbed. Well casings should be slotted and/or screened for proper migration of groundwater

into the well without movement of the surrounding soils. Well casings may be made of many

different materials including carbon steel, stainless steel, teflon, and various plastics. The

choice of the casing depends in large part on the contaminant. Well screens are a special order

item in many areas; therefore, the railroad should advise their driller of the need for cased

wells several weeks in advance of the actual drilling.

In order to gain access to the groundwater for monitoring purposes, the casing should be

3" to 4" inside diameter. There are certain specially designed well bailers and samplers for 2"

diameter wells, which are discussed in subsequent section. Wells should be installed to a depth

of at least five feet below the initial groundwater surface encountered, in order to insure that

sampling will be unhindered, and material will be intercepted. Clusters of wells with screens

at different levels in the aquifer can be crucial to determining the extent of vertical migration

within the aquifer.

2. Well Placement—Initially it should be noted that each site and situation requires a

unique layout of wells in order to accomplish the purpose at hand. The generalities presented

below are only guidance to show a method of approach that can be tailored to a specific

application.

In determining whether a given problem is coming from a railroad yard, it may often be

necessary to take borings outside the limits of railroad property. While easements on private

property may be difficult to obtain, access along roads, pipelines, power lines and other public

or utility easements may often be gained for this purpose. Borings should be located along the

anticipated down-gradient line (downstream) between the suspected source in the yard and the

point at which contamination has been discovered. Borings usually should be located in a line

perpendicular to the direction of the gradient. A minimum of three borings can be used to

check initially for the presence of the contaminant. If found, the borings can be cased if future

monitoring points will be needed.

If the terrain is flat (no easily definable gradient), or if the search is now being narrowed

to establish a source on railroad property yet unknown, a sequence of steps can be used to

"zero in" on the situation. This approach is also useful to establish a gradient or movement

of oil contamination away from a known or highly suspect source such as a major diesel fueling

and servicing point. Such a grid would include an initial group of borings in a square or circular

pattern around the total area of interest. This can be done with as few as four borings. Based

on these results, a tighter grid can then be developed in order to better define a path of

migration from a given source. Certain borings can then be cased as required.

IV. MONITORING WELL INSTALLATION

A wide variety of methods are used for monitoring well installation and are always site

specific. The methods to be employed in any instance are decided on during the initial field

survey and design of the monitoring well system. Usually this is based on previous soils

reports, and/or information from one or more exploratory borings. Often modifications to well

installation methods are required as the program proceeds due to unforeseen changes in the

soil strata.
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Selection of the boring size depends on the character of the soil, the sampling techniques

to be employed and, of course, the amount of money available for the study. For extended

monitoring to assess the variation of contaminant levels in the ground water table, 4 to 8 inch

borings are commonly selected with appropriately sized well casing.

Drilling

For installation of wells in unconsolidated sediments power augering, rotary drilling, and

wash boring are common boring methods. Augering entails the use of hollow stem earth

augers, and the casing is lowered to depth inside the drilling string of augers. Extraction of the

drill string leaves the well in place. Solid stem augering can be used successfully where great

depth is not required and where soils are cohesive enough for borings to stand open on their

own. Casing can then be lowered in place after extraction of the drill string.

Rotary drilling is accomplished by rotation of a heavy string of rods while a continuous

downward pressure is maintained through the rods on a bit at the bottom of the hole. Water

or drilling mud is forced down inside the hollow rods to the bit and the return flow brings the

cuttings to the surface. Compressed air can sometimes be used instead of water or drilling mud

and the terms air rotary and hydraulic rotary have evolved to further describe the operation.

Casings can be advanced simultaneously with the drilling operation. Rotary drilling is usually

the fastest method due to the power of the equipment used.

The wash boring method of drilling is used when an iron casing can be driven through the

soils, one length at a time and a drill string used to clean each length. A chopping and washing

process is used to clean the casing whereby the drill string is alternately raised and lowered.

The chopping action, assisted by a variety of drill bits, produces cuttings at the hole bottom.

Water forced through the drill rods raises the cuttings to the surface. Wash boring typically

uses much lighter equipment than rotary drilling and may be considered where accessability

is difficult.

Of the above drilling methods, power augering is probably the most common technique

because ground water contamination often is essentially a shallow-water problem. Due to

contaminant insolubility in water or poor diffusion, the water table acts as a barrier to deep

penetration. Augering lends itself to this application due to its relatively lower cost and

abundantly available equipment.

Regardless of the drilling method selected, it is essential that the well hole and installation

be plumb. For shallow wells, this consideration is not paramount; however, in deeper wells,

small variations in plumbness can cause large variations in the location of the well screens.

Weil Casing Material

Considerations in selecting well casing material include the ease of installation depending

on the drilling method selected, the nature of the contaminant selected and the seasonal

ambient temperatures.

Polyvinyl chloride (P.V.C.) and acrylonitrile butadiene styrene (A.B.S.) pipe cannot be

driven in a caving boring and is best installed through a hollow stem auger or within temporary

casing- from rotary drilling. Both have the disadvantages of becoming brittle in cold weather

and prolonged exposure to hydrocarbons could cause eventual breakdown. Short life and

erroneous data may result from the use of plastic casing.

Galvanized or black iron pipe is readily driven and can be used with drilling methods

which preclude use of plastic casing. Contaminants to be monitored other than hydrocarbons

may cause corrosion and the resultant samples and analysis may yield erroneous data.
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Well Screening

Monitoring well installations for most contamination entails sampling at or near the water

table surface. Wells typically are installed to just below the water table with well slotting and/or

screening to extend over a length (usually 5 to 10 feet) to allow for fluctuations in the water

table surface. Requirements for measurement of the groundwater surface elevations may

affect the setting of the well screens also.

Screening material and slot size in the pipe must be selected to prevent passage of soil

particles into the well. Selection must also take into account resistivity to breakdown over the

life of the monitoring study.

Slotting and/or perforation of the well casing may be accomplished in the field together

with application of the screening. Where soil conditions are known appropriate wire-wrapped

and pre-slotted plastic pipe may be ordered. Prefabricated metal well screening is available for

introduction into casing pipe at a desired depth and commercial well points have been utilized

successfully for monitoring well construction.

Gravel packing is commonly placed around the well screen at the bottom of the well and

extends a short distance above the screen. The gravel pack prevents fines from clogging the

well screen surface thus facilitating passage of the water and contaminant to the well. Gra-

dation of the gravel pack should be in the Vie" to Vi" range for most installations. Filtration sand

can be substituted for the gravel pack.

A bentonite seal is placed around the well casing above the gravel pack. This will prevent

downward migration near the casing of surface waters to the sampling point at the screen and

thus ensures a more representative sample. Small tablets of bentonite are available commer-

cially which have the obvious advantage of facilitating installation.

Cement grout can seal the well casing above the gravel pack to the ground surface. While

grout is relatively easily installed and provides good well stability, it may produce some

undesirable background water chemistry for some monitoring applications. Probably the most

widely applicable installation would be gravel pack around the well screen, a bentonite seal,

followed by cement grout to the surface.

If the casing is not grouted to the surface, consideration should be given to placing a collar

of concrete three or four inches thick around the well at ground surface for added protection

and surface stability. An additional larger diameter protective pipe with a locking cap is

advisable to protect the casing. Railway yards and landfill sites are the subject to fairly

intensive mechanical and construction related activity. Barricades and signs explaining the

well purpose must, therefore, be considered as a seemingly abandoned well can disappear

quickly as a result of some other non-related project.

Installation of Multi-level Sampling

The above sections under field installations are aimed at the more commonly encountered

water table monitoring for hydrocarbon contamination. In some studies it may be required to

sample at more than one soil horizon. In the case of hydrocarbons this may be due to the

contamination of two or more aquifers at varying depths in the soil strata. For soluble

contaminants, such as heavy metals, contamination of the water table may extend to some

considerable depth in a single aquifer. Methods of well installations for sampHng at varying

depths in a single boring have been documented by Yare (1) and Pickens (2) et al, and the

reader is referred to these references for details. A cluster of wells with several screened at

different levels within the aquifer can achieve the same results as multi-level sampling in a

single boring.
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V. MONITORING SYSTEM OPERATION

The main objective of any monitoring system is to provide representative groundwater

samples for analysis to determine the vertical and areal extent of contamination. The col-

lection of representative groundwater samples is not always straightforward. Each monitoring

well should be considered independently as the hydrologic and chemical characteristics are not

always the same from one well to another. The type of sampling device, sample preparation,

preservation, and storage have to be compatible with the size and accessibility of each well,

the well's hydrologic and chemical makeup, the groundwater constituents of interest, and the

time of year.

Bailing

Most monitoring wells are considered to be non-pumping wells. Little or no vertical

mixing of the water exists in the well casing. The water in the screened section of the well mixes

with the groundwater due to the existing flow patterns, but the water above the screen does

not mix and is stagnant. The water above the screen may also become contaminated from

surface sources, although this is highly undesirable. Therefore, in order to obtain a represen-

tative sample from a monitoring well, the well should be pumped or bailed prior to sampling

to obtain fresh water from the aquifer adjacent to the well.

For low-yielding wells that can be pumped dry, the well should be completely evacuated

and allowed to recover. If the times of recovery allows, the well should be evacuated at least

twice before sampling.

For high-yielding wells that cannot be pumped dry, four to six volumes of water should

be evacuated at a rate equal to the wells recovery rate. The suction line of the sampling

apparatus should be placed just below the surface of the well water and three to five volumes

evacuated. This will remove the majority of the stagnant well water. Then the suction line

should be placed near the bottom of the well screen and one more volume of water evacuated

before sampling.

Excessive bailing can result in the taking of non-representative samples, as excessive

bailing could concentrate dilute contaminants. Therefore, it is necessary to keep in mind the

total aquifer hydrology including the total amount of groundwater encountered and the

proximity of the contaminant source.

Bailing can be accomplished manually or by the use of various pumps. Hand bailing

involves dropping a tube or bucket down the well, allowing the container to fill, retrieving the

filled container, dumping the contents, and repeating the sequence to remove the required

volumes of liquid. Manual bailing is quite slow and should not be used for large diameter or

deep wells.

Commonly utilized pumps for bailing wells include electric submersible, pneumatic, and

peristaltic types. Selection of the pump depends upon many factors such as well diameter,

depth to groundwater, availability of electrical power, volume to be bailed, type of con-

taminant, etc.

The electric submersible pump requires electrical power, usually 115 volt single phase.

Most submersible pumps require at least a 4 inch diameter casing. The pump is available in

a wide range of capacities for a variety of depths. Submersible pumps arc difficult to clean and

the movement of the pump from well to well could contaminate the latter wells.

The pneumatic pump uses a compressed gas to act on a bellows to effect a pumping

action. Models can be obtained to fit inside a 2 inch diameter casing. The pump requires

cycling the fill and discharge of the cylinder either manually or through use of an automatic
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controller. The slow cycling results in low capacities. No electric power is required and

pumping can be from considerable depths.

A peristaltic pump can bail wells also. The pump is a self-priming suction lift pump and

thus is limited to 25-28 feet of lift. The pumps generally are low capacity but can be operated

on 12 VDC or 115 VAC power. The pump works on the principle of a progressively collapsing

tube so that the sample never leaves the tubing. The tubing is changed easily and therefore a

length of tubing is used for only one well. This eliminates any problems of contaminants from

one well adhering to the tubing and being deposited in another well.

Sampling

After the removal of the stagnant well water, the monitoring well is ready to be sampled.

Sample withdrawal methods include bottle samplers, pneumatic systems, and pumps. The

withdrawal method is dependent on numerous factors; depth to groundwater, diameter of

monitoring well, amount of sample needed, concentration range of contaminant, and the

characteristics of the contaminant.

The most common bottle sampler is the Kemmerer sampler. Bottle samplers are lowered

into and removed from the well by hand. At a minimum, bottle samplers should be flushed

thoroughly with water to minimize cross contamination between wells. Additional cleaning

may be required for some studies. A non-porous line should be used for lowering and raising

the sampler.

Pneumatic samplers are the same as the pneumatic bailers. This sampler can be used to

great advantage when the depth to the groundwater is greater than 30 feet and when no

electrical power is available.

Other pumps that are commonly utilized for sampling include the pitcher, centrifugal or

peristaltic pumps. Pitcher pumps require no energy source and are operated by hand. These

pumps can be easily carried from well to well.

Submersible centrifugal pumps are another good method of collecting groundwater sam-

ples. These pumps can be placed inside wells as small as 4'/2 inches in diameter and set to

depths to 300 feet.

Peristaltic pumps are recommended for most applications when the water surface is within

28-30 feet of the ground surface. In this type of pump, the sample passes through an inert

silicon, tygon, or other tubing. This reduces the possibility of contaminating the sample with

constituents of the pumping apparatus. If concentrations of contaminants in the parts per

trillion range are being investigated, cross contamination between wells can be a very serious

problem. The use of a peristaltic pump allows total replacement of all sampling tubing for each

well, eliminating the problem of material from one well contaminating another well or other

samples.

The collection of all samples should be made in as timely a manner as possible. Extreme

care should be taken not to contaminate the samples. Generally, the sample container should

be non-reactive with the sample and the parameters of concern. Depending upon the con-

taminants, the collection of most samples can satisfactorily be made in either glass or plastic

containers. The cleanliness of the container is of paramount importance. If the sample con-

tainers are to be reused, an effective cleaning procedure using detergents and acid rinses is

required.

After collection the sample must be treated to reduce the changes in sample constituents

to the maximum extent possible. The complete preservation of water samples is a practical

impossibility. Preservation techniques at best can only retard the continuing chemical and

biological changes that were occurring in the source. Therefore, the sooner the sample is
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analyzed, the more reliable the results. The analysis for pH, Eh, specific conductance and

temperature should be made at the time of sample collection. The measurements should be

made with the least amount of exposure to the atmosphere as possible.

The preservation of samples is generally limited to pH control, chemical addition, refrig-

eration and freezing. The parameter to be analyzed and the method of analysis determine the

type of preservation to be used. The following publications list chemical and biological param-

eters, the volume of sample necessary to run the analysis, type of container sample should be

stored in, method of sample preservation and the length of time the sample can be stored

before analysis should be run.

1. Methods For Chemical Analysis of Water and Waste, Report No. GOO/4-79-020,

Environmental Protection Agency.

2. Standard Methods on the Examinationof Water and Wastewater, 15th Edition, Amer-

ican Public Health Association, 1981.

Analytical Technique

A number of sources of analytical techniques are available such as the following:

1. USEPA, 1979, Methods for Chemical Analysis of Water and Wastes.

2. APHA, 1981, Standard Methods for the Examination of Water and Wastewater, 15th

Edition.

3. ASTM, 1981, Annual Book of Standards Part 31 Water.

4. ASTM, 1979, Measurement of Organic Pollutants in Water and Wastewater, STP 686.

In order to determine which analytical method is to be used for a quantitative deter-

mination of a specific parameter, the following factors should be considered:

(1) Sensitivity, precision and accuracy required;

(2) Interferences from other parameters;

(3) Available equipment, manpower and instrumentation;

(4) Quantity of sample needed to run analysis;

(5) Number of samples to be analyzed;

(6) Reason for performing the analysis;

(7) Length of time to run analysis;

(8) Cost factors

Measurement of Water Table Elevation

For the measurement of water levels the most commonly used tools are the steel tape,

electric sounder, airline and mechanical recorder.

The surveyor's steel tape as a water level measuring device has been in use by the U.S.

Geological Survey for many years. Steel tapes arc available in lengths from !(K) to KHK) feet,

each tape is provided with coefficients for stretch and temperature expansion. However, most

groundwater pollution studies are interested in relatively shallow depths and corrections are

not necessary. The water level is measured by lowering a known length of tape below a

measuring point. The lower portion of the tape is coated with a water finding paste that shows

a color change when wetted. The water depth is obtained by subtracting the wetted length of
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tape from the total length of tape suspended below the measuring point. A disadvantage of

using a steel tape is that unless the approximate water level is known, it may take more than

one try if a short tape is initially used.

The electric sounder is composed of a reel, a current meter, one or two electric wires and

a battery powered electrode sounding tip. The reel and meter stay on the surface, while the

electrode is lowered into the well. Upon contact with the water surface, a large needle

deflection will be noticed on the current meter. The length of wire is measured to determine

the depth to water surface. Electric sounders should be used if cascading water is present in

the well. A measurement can usually be made in wells of less than 100 feet in approximately

five minutes. Electric sounders are also utilized in conjunction with pumping tests where

numerous levels need to be measured in a short time interval.

The pneumatic method consists of small diameter copper, iron, or plastic tube, a source

of compressed gas and a pressure gauge. A known length of the airline is installed inside the

well casing extending several feet below the lowest pumping level. The tube must be free of

all air leaks, open ended at the bottom, and hanging straight. The compressed gas is applied

to the airline, and the pressure is measured by use of the pressure gauge. The observed

pressure is directly proportional to the height of the water column above the end of the air

tube. The length of the water column is subtracted from the total length of the airline to give

the depth to the water table. This is an excellent method for use in wells that have some

turbulence produced by pumping.

A mechanical recorder consists of a cylindrical recording chart that is actuated mechan-

ically by a float that moves with water level fluctuations. The recording chart is geared to a

time clock. Mechanical recorders are usually used when numerous water level measurements

are needed over short time intervals. They are also useful when rapid water level fluctuations

occur, such as occur in observation wells during pumping tests. The mechanical recorder can

be left unattended, thus allowing for extended and continuous water level measurements.

Interpretation of Data

The objective of most groundwater studies is to determine the dimensions of a problem

if one exists. The installation of the wells and the procurement and analysis of representative

samples from the wells, leads to the generation of a file of numbers. What do the numbers

mean?

Several different sources of information can be used to evaluate the data. The USEPA
Drinking Water Standards is one such source. These are rigid standards for all drinking water

supplies. Currently, standards have been adopted for only a small number of substances such

as some heavy metals, fluoride, nitrate nitrogen, four insecticides, two herbicides, total

trihalomethanes, turbidity, microbial contamination, and radiation. The standards are

adopted after public hearings and comments and are based on extensive scientific information.

The second evaluative source is the EPA Ambient Water Quality Criteria. These criteria

are guidelines and have much less stature than the Drinking Water Standards. The criteria are

split into two groups—those for the protection of aquatic life versus those for the protection

of human health. The human health criteria are classified into two groups also—those for

materials which are suspected or proven carcinogens and those which are not. The Water

Quality Criteria are based on much less information and are much less subject to public

scrutiny than Drinking Water Standards. The proposed allowable concentration of suspected

or proven carcinogens for many organic substances is extremely low, as low as 0.8 parts per

trillion at an estimated cancer risk level of 10-'. Some of the criteria levels are below the

detection limit of the available analytical methods; consequently, the criteria should be used

with an abundance of caution.
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Various state standards and criteria may be useful in reviewing the data. The World

Health Organization also publishes guidelines on allowable concentrations of substances in

water.

VI. PHYSICAL CONTAINMENT

On site physical containment for control of groundwater contamination is defined to

mean application of systems and/or devices which will segregate contaminated from uncon-

taminated groundwater and control the contamination in such a manner that it will not escape

or move away from the area where it is initially isolated. For purposes of discussion in the

following paragraphs, the definition of physical containment is limited to deal with barrier type

containment. Containment by other physical means such as hydraulic depression of ground-

water elevations will not be discussed in this section.

Physical containment through application of barriers of various types represents an effec-

tive environmental control technique which can be employed in many situations where

groundwater is contaminated. However, physical containment does not represent a control

strategy which should be indiscriminately applied to all groundwater contamination problems.

In order to develop an effective subsurface barrier type containment system, a number of

variable factors should be carefully evaluated and the containment system should be specifi-

cally designed to effectively function within limits imposed by the actual conditions at the

contamination site.

The following sections discuss both site variables which should be considered in devel-

oping a containment system and different containment system concepts.

Site Variables

Within the context of general spill abatement and pollutant removal, subsurface ground-

water contamination represents one of the most difficult problem areas to address. In order

to effectively control a groundwater problem through use of a barrier type containment

system, site factors related very specifically to the location of contamination must be thor-

oughly considered. Among the most important variable site factors are: (1) nature of the

containment; (2) geology and soil types; (3) groundwater conditions; (4) adjacent surface

waters; (5) rainfall; and (6) site accessibility. The following paragraphs discuss each of the

listed variables.

1. Nature of the Contaminant—The characteristics of the pollutant is one of the most

important factors in designing a control system. It is imperative that as much precise and

specific information as possible about the pollutant be obtained and considered prior to

initiating development of a barrier type control system.

First, the toxicity of the pollutant must be known. Failure to ascertain the toxicity of the

pollutant may lead to hazardous conditions which could injure or kill personnel involved in the

clean-up effort. Even if the pollutant is not toxic to humans, it is important to determine its

toxic effects on the site ecosystem (flora and fauna at the site of contamination) since this

factor to a large extent determines the rapidity in which a control strategy must be imple-

mented.

After toxicity information is known, the physical/chemical characteristics of the con-

taminant must be determined in order to develop a suitable containment barrier. The specific

gravity, viscosity, and solubility of the material need to be known and considered. Specific

gravity is a key factor which must be considered in the design of a barrier system. If the

contaminant floats above the surface of the groundwater, design criteria for a containment

barrier are less rigid that for a sinking pollutant because migration typically is in two dimen-
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sions only. Viscosity is important because the speed of migration is affected by the viscosity

of the contaminant. In general, the more viscous the contaminant is, the slower its migration

rate will be. Determination of migration rate is important in deciding the area limits of a

barrier type containment system and in deciding the urgency of constructing the barrier.

Solubility must be considered because the solubility in groundwater will affect its subsurface

dispersal characteristics.

In addition to physical characteristics, the chemical composition of the contaminant is an

important factor. It is imperative that the materials of construction used for a barrier are

chemically compatible with the contaminant to be contained. For the control of an acidic

contaminant, it would be unwise to construct a barrier of material which is readily decomposed

by acid.

2. Geology and Soil Types—On site geology and soil characteristics are key factors in

determining whether or not a physical barrier system should even be considered as a contain-

ment concept. In addition, even if general subsurface conditions indicate that physical contain-

ment appears to be feasible, detailed geological and soils information is useful in determining

the optimum design of a barrier installation.

In general, subsurface materials can be characterized as either rock or soil. Rock can be

further classified according to origin into three groups—igneous, sedimentary, and metamor-

phic. Igneous rock generally is very hard with few joints and cracks. Sedimentary rock is

usually stratified and may have many joints, cracks, channels, and cavities. Most metamorphic

rocks is characterized by plates of parallel layers and may have defects such as cracks and

joints.

Unless a massive impervious rock formation underlies a layer of soil which contains

contaminated groundwater, the presence of rock does not always indicate that a physical

barrier system is the most effective containment system.

Rock, particularly in the form of boulders or in formations which are characterized by

many cracks and faults, cannot be relied on to form a physical barrier to contain contaminated

groundwater. This problem may be encountered most frequently in connection with sedimen-

tary or metamorphic rock. A second problem in dealing with rock relates to construction costs.

The presence of boulders or formations of very hard igneous rock may make barrier construc-

tion costs prohibitive. A third problem with rock is that some sedimentary formations such as

sandstone may be sufficiently pervious so that, even if the formation is massive and appears

to be free of cracks, it may not be suitable as a containment barrier. Of the three major classes,

massive igneous rock formations are most likely to be free of cracks and perform suitably as

a barrier.

Soil can be classified into the four principal groups of gravel, sand, silt, and clay. Most

natural soils contain a mixture of two or more of these classes with admixed organic materials

present in many situations. Gravels and sands are considered to be coarse grained soils while

silts and clays are known as fine grained.

On-site soil conditions affect design and installation of a physical containment system

both directly and indirectly. A soil permeability or the presence of continuous voids directly

affects the quantity and flow rate of liquid through it. Soils having high coefficients of perme-

ability readily pass liquids and will not contribute toward containment of contaminated

groundwater. Sand and gravel possess high coefficients of permeability (ranging from

10"cm/sec to 10 - ^ cm/sec). Very fine sand; organic and inorganic silts; mixtures of sand, silt,

and clay; and stratified clay deposits typically have lower coefficients of permeability (in the

range of 10 - "^

to 10 - *" cm/sec). Homogenous clay zones may feature very low coefficients of

permeability (ranging from 10 - ^ to 10 - "* cm/sec) and in themselves naturally contain con-
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tamination and prevent its movement. In fact, these practically impervious clay soils can be

effectively used in the construction of barrier containment systems.

Soil type has an indirect effect on installation of a containment barrier from the stand-

point of construction. Coarse grained soils are not very cohesive and cannot be relied upon
to maintain a slope angle steeper than their natural angle of repose. Essentially vertical side

slopes are very advantageous in connection with installation of certain types of containment

barriers thereby making construction costs for these barriers more expensive where gravel and

sand are the predominant soils at the site.

3. Local Groundwater Conditions—Local groundwater characteristics must be analyzed

prior to designing and constructing a barrier system for physically containing a subsurface

pollutant. An effective barrier system must completely prevent exchange between the area of

contamination and surrounding unpolluted areas. If groundwater freely exchanges and moves

around, under, or above the barrier, the contamination will not be controlled with the possible

exception of floating insoluble material. In order to avoid problems related to exchange

between contaminated and uncontaminated groundwater, both the location and movement of

groundwater at the site must be determined.

4. Adjacent Surface Waters—Surface waters located near sites of groundwater con-

tamination must be considered when developing plans for a physical barrier containment

system because of relatively free natural exchange of water usually occurs between the surface

water and the groundwater. Certain surface water factors including fluctuations in surface

water elevations (due to tidal action, reservoir draw downs, etc.) and velocity of moving

streams should be considered. Adjacent surface waters more directly affect subsurface con-

tamination situations where the soil is coarse and granular and where the surface waters are

close to the contamination site.

5. Rainfall—Rainfall affects the design of a subsurface barrier containment system be-

cause rainwater percolates into the groundwater. Field percolation tests can be performed to

determine the rate at which rainwater will seep into the groundwater. The design of any

containment barrier system must include consideration of the amount of rainwater which will

accumulate behind the barrier. Also, surface drainage provisions to divert runoff away from

the site of contamination should be included in the barrier system design.

6. Site Accessibility—Particularly in the case of groundwater contamination problems

associated with railroad operations, site accessibility is an important factor which should be

considered in developing a physical barrier type contaminant control system. Since installation

of most barrier containment systems involves use of heavy construction equipment and mate-

rials at the contamination site, consideration of the logistics of how equipment and materials

can be moved to the site should play an important role in the selection of barrier system design

.

Also, since barrier system construction in many cases involves deep excavation, thorough

consideration should be given to avoiding undermining and/or track stability problems in

connection with the barrier system.

Types of Physical Containment Systems

As previously stated, a physical containment system must be capable of segregating

contaminated from uncontaminated groundwater by confining the contaminated groundwater

in an isolated area. In order to satisfy the above criteria, the barrier must be: ( 1 ) designed to

prevent hydraulic escape of contaminated groundwater through exchange under, over, or

around the ends of the barrier; and (2) constructed of materials which will not be destroyed

by the pollutant to be contained. Furthermore, the barrier system must be capable of being

installed within a time frame which will allow containment of contaminated groundwater in

concentrated form and in as small an area as possible.
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The following paragraphs present information on various types of containment barriers

which can meet the criteria described in the preceeding paragraph depending on site condi-

tions. By necessity, the following information is somewhat conceptual and general. An effec-

tive barrier system for a particular site may include features of more than one of the general

types of systems discussed below since it is imperative that each system be tailored to function

properly in connection with actual on-site conditions.

1

.

Cut-Off Wall—A cut-off wall is defined to mean a solid physical barrier which extends

from the surface of the ground to a subsurface elevation deep enough to contain the con-

taminant. Cut-off walls may be constructed of driven sheet piling or other materials such as

wood or concrete. A cut-off wall may be geometrically configured to either completely enclose

a contaminated area or as a linear barrier across the flow path of contaminated groundwater.

If employed in a linear configuration, provisions must be made to remove the pollutant from

behind the cut-off wall at a rate sufficient to prevent its migration and escape around the end

of the wall.

Cut-off walls offer a number of advantages such as the ability to be constructed without

substantial amounts of excavation. Also, this type of wall can be extremely effective in

controlling floating pollutants such as oil since the bottom elevation of the wall can be set to

allow passage of clean groundwater under the wall while at the same time containing the

pollutant. In addition, a cut-off wall can be installed in virtually any type of soil except where

substantial amounts of rock are present. Finally, the proper structural design a cut-off wall can

serve to stabilize the soil behind it and prevent erosion in addition to containing pollutants.

While the cut-off wall concept can be effective, a number of disadvantages are associated

with this containment system. Cut-off walls are expensive, require movement of substantial

amounts of construction equipment and material to the contamination site, and take a rela-

tively long time period for construction. Also, since the wall will contain construction joints,

it is generally difficult to prevent seepage of pollutants through these joints.

Considering both advantages and disadvantages, applications of cut-off walls may be most

effective in cases where the containment system would be essentially a permanent installation

and where soil erosion and stability problems need to be handled in addition to pollutant

containment.

2. Slurry Trenches—A slurry trench is defined to mean an open trench extending from

the surface of the ground down to an elevation deep enough to contain the pollutant and which

is backfilled with impervious material capable of stopping flow of contaminated groundwater.

Backfill material can be concrete, prepared clays such as bentonite, or native low permeability

clays. Slurry trench geometry may feature complete perimeter containment or it may be linear

across a subsurface flow of pollutant. Provisions to remove contaminated groundwater must

be provided in connection with a linear trench system.

Application of a slurry trench barrier system offers a number of advantages. Firstly,

construction requires a limited amount of equipment and a variety of impermeable backfill

materials may be used, some of which (such as clays with permeability coefficients less than

10-* cm/sec) may be readily available at or near the contamination site. Also, particularly in

cases where contaminated groundwater is lying in shallow permeable stratas located over

impermeable material, a slurry trench can be constructed to form an effective seal with

underlying material thereby making a slurry trench effective for containing floating, sinking,

and soluble pollutants. Additionally, slurry trench construction can be relatively economical

particularly where contaminated groundwater is near the surface and where suitable imper-

meable backfill material is available near the site. Finally, backfill material used in connection

with slurry trench construction is usually inert and resistant to chemical attack by the pollutant

in the groundwater.
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Disadvantages associated with slurry trenches relate mostly to on-site soil conditions and
the depth of the contaminated groundwater. Where coarse gravel/sand soils are present, slurry

trench construction is virtually impossible due to the inability to excavate a trench with

essentially vertical side walls. If sheeting or some other method of stabilization must be

employed prior to backfilling, slurry trench construction costs will very likely exceed those of

other types of barriers. Also, if the depth of the contaminated groundwater exceeds the reach

of readily available excavating equipment, slurry trench construction may not be feasible.

3. Barrier Trenches—A barrier trench is defined to mean a trench extending from the

surface of the ground down to an elevation deep enough to contain the pollutant and which

has an impervious barrier applied to its outside bank as necessary to prevent loss of con-

taminated groundwater out of the trench and to contain contaminated groundwater either in

the trench or in the contaminated soil behind the inside bank of the trench. A barrier trench

may either be left open or either completely or partially backfilled with pervious material such

as gravel. Barrier trench geometry may completely enclose a contaminated area or it may
linearly intercept a subsurface flow of pollutant. As previously mentioned, the linear applica-

tion must include a means of removing contaminated groundwater.

Barrier trenches can be advantageous from a number of standpoints. First, they can be

quickly excavated with a limited amount of equipment and the impervious bank liner can be

fashioned from readily available material such as plastic membrane material commonly used

in the construction industry. Additionally, an open barrier trench (i.e. one not backfilled with

gravel) is very advantageous when dealing with floating pollutants such as oil since the amount

of pollutant seeping into the trench can be readily observed. Finally, barrier trenches are not

very sensitive to soil conditions since the banks do not have to be essentially vertical, a

significant amount of bank erosion can be tolerated without affecting the performance of the

system, and soil stabilization can be accomplished by either partially or fully backfilling the

trench with gravel.

Disadvantages associated with barrier trenches relate primarily to the depth, type and

location of the contaminant. With respect to depth, barriei trench construction may be

infeasible in cases where the contaminant depth exceeds the reach of readily available exca-

vating equipment. Barrier trenches are not suitable for controlling sinking or soluble pollut-

ants since it is practically impossible to seal the bottom of the trench as necessary to prevent

passage of the pollutant under the impervious barrier applied to its outside bank. Finally,

because the barrier trench is essentially an open ditch, this control system cannot be located

very close to buildings, tracks, or other structures due to the potential for undermining and

other soil stability problems.

4. Clay Blankets—A clay blanket may be a suitable expedient barrier which can be used

to control leaching of pollutants from the ground surface (i.e.. contaminated groundwater

leaching from a creek or river bank and flowing across the ground into the surface water. In

situations as described above (particularly when dealing with floating pollutants such as oil)

an impermeable clay blanket can be applied over the ground surface where the seepage is

occurring and thus effectively prevent escape of the contaminant. A means of removing the

pollutant and relieving the groundwater pressure behind the blanket must be provided at the

time of application. Such a barrier can be quickly installed with minimal equipment and, in

most cases, can be constructed from readily available materials. A major disadvantage is that

an exposed clay blanket is very susceptible to erosion and disintegration and would not be

suitable for long term containment.

5. Complete Encapsulation—Where on-site soil and geological conditions are suitable

and where the nature of the subsurface contamination warrants drastic control measures,

complete encapsulation represents a feasible control technique. Complete encapsulation in-
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volves sealing the top, perimeter, and bottom of the contaminated area. In order to satisfy this

criteria, the strata under the contaminated area must be impervious (i.e., massive igneous rock

formations or thick stratas of impervious clay). The perimeter barrier must be sealed effec-

tively to the impervious underlying strata. As previously mentioned, a slurry trench may be

the only type of perimeter barrier suitable for complete encapsulation purposes. After the

perimeter and bottom are sealed, a top seal must be applied to prevent percolation of rainfall

and/or seepage of surface waters into the site. This top seal should be constructed of imper-

vious materials such as concrete or very dense clay and should be shaped to shed rainfall and

prevent ponding of surface water.

Due to the extreme difficulty and large costs associated with complete encapsulation, this

control technique is likely to be the most attractive containment option only in those cases

where the removal of the pollutant is extremely toxic and removal could result in a more

hazardous situation.

VII. REMOVAL FROM THE SITE

In many instances of groundwater contamination, removal of pollutants rather than their

isolation is the most appropriate control philosophy. Because of the diversity of available

methods and the unique characteristics of each groundwater contamination problem, the

removal system must be designed on a site specific basis. Optimum results can be obtained

only after careful consideration of the problem, the attendant constraints and the available

control measures.

The first consideration of any removal system is the control of the pollutant plume.

Effective removal cannot be accomplished until the boundaries are established and main-

tained. Secondarily, the pollutant must actually be removed from the groundwater. This can

occur either in place or after the removal of the groundwater from its natural state.

Line Systems

The interceptor trench is one type of containment and removal system. A trench is

constructed to interrupt the flow of the groundwater and associated pollutant plume. The

trench must be of sufficient length to intercept the entire plume. The trench can be either

backfilled or remain open. An open trench can be constructed to considerable depth if gabions

(rock-filled wire boxes) are used for the walls. If the trench is backfilled, usually perforated

pipe or drain tile is placed in the trench bottom to collect the flow. The trench method is well

suited to steeply sloping groundwater surfaces.

Open trenches are used most frequently when the groundwater surface is shallow and

when the pollutants are removed in place such as the surface skimming of oil. The open trench

has many advantages such as being relatively insensitive to water level changes and the water

surface is readily available for inspection. Many various types of products and equipment are

available for removal of the product ranging from sorbent materials to high capacity skimmers

to very high capacity pumping systems.

Backfilled trenches are best suited to deeper installations or in cases where the ground

surface is required for other purposes. The groundwater levels must be reasonably stable for

floating contaminants so that the piping system can collect the pollutant. This method usually

requires some treatment system such as an oil-water separator or activated carbon columns

prior to disposal because large volumes of water generally are collected in addition to the

pollutant. Frequently an impervious lining is placed on the down-gradient side of the trench

to impede the groundwater flow past the drain, improving the interception of the plume.

Granular backfill to allow rapid flow to the drain tile is essential for the proper functioning of

the drainage system.
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Point Systems

The well point system is another commonly utilized containment and removal technique.

A single well point or a series of well points are installed in or around the pollutant plume.

The well can be a small diameter (6") pipe with a well screen or a large diameter (3-4 feet)

perforated concrete or steel pipe. Pumping of the wells produces a cone of depression in the

groundwater surface. By spacing the wells sufficiently close, a drawdown line occurs for the

entire distance of the line of well points. Such a line controls the movement of the plume. The

porosity of the soil matrix greatly affects the utility of a well point system. If the site is mostly

large-grained sands and gravels, a pumping system of great capacity is required to achieve

significant drawdown. In clay soils, the drawdown at the well will be achieved very quickly;

however, the areal extent of the cone will develop very slowly because of the impervious

material and, therefore, movement of the groundwater correspondingly is slow. Disposal of

large volumes of water created by large pump capacities can be a serious problem.

As in the interceptor trench method, the contaminants can be removed from the ground-

water either in place, or through separation equipment above ground. The well pumps can be

construction dewatering equipment which are set at a level significantly below the water

surface. If the well diameter is sufficiently large, skimming equipment or sorbent material can

be placed in the well to remove floating contaminants. The dewatering pump can be set low

enough to remove only uncontaminated material and yet achieve the desired drawdown. In

this manner, the disposal of the removed groundwater is less of a problem.

The level of the dewatering pump suction inlet can be set sufficiently close to or in the

plume so as to pump the groundwater including the contaminants. This is desirable for those

materials which are soluble in the groundwater and thus not necessarily confined to the

groundwater surface. Use of dewatering pumps to collect groundwater contaminated with

organics and to supply activated carbon columns is an excellent example of this mode of

operation. This could occur if the plume is at the top surface of the groundwater, at the

mid-depth of the aquifer, or at the bottom.

The advantages of the well point systems include control of pollutants which already are

beyond the property line, control of plumes beneath buildings, minimal disturbance of the site,

ability to collect pollutants which are already downgradient of the collecting point, and

relatively low capital cost.

The main disadvantage is the cost of continually or frequently operating the dewatering

pumps. Also, hard pan or other impervious layers may interfere with the drawdown cones

resulting in little areal control of the groundwater problem. Dewatering of a site may result

in subsidence of some soils which could result in damage to nearby structures.

Additives

Many materials which may be present in the soil matrix may not be mobile in the

groundwater system. These materials represent potential future contamination, and it may be

advisable to remove them. Depending upon the material characteristics it may be advisable

to remove them. Depending upon the material characteristics it may be possible to add

substances which would alter the properties of the material to increase its mobility. Use of

surfactants, steam, and solvents are but a few of the possibilities. Prior to any use, one must

be sure that the additives will not worsen the contamination problem. Information on second-

ary recovery techniques in use in the petroleum industry can be obtained if such enhancement

measures appear desirable.

Recharge

Disposal of the treated water can be a serious problem whenever contaminated ground-

water is removed for treatment. Depending upon the disposal method, compliance with the
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applicable effluent limitation may be extremely difficult and expensive. In some locations and

under certain circumstances the pumped water can be directed into off-site city sanitary

sewers. On-land disposal by irrigation is another possibility, as is direct discharge to surface

water.

Recharge of the groundwater by injection or surface spreading is another disposal tech-

nique. This method has several advantages regarding control of groundwater contamination.

Mounding of the groundwater can provide a barrier to movement of a plume. Such mounding

can also provide a flushing action improving the movement and capture of the pollutants. This

is especially true when additives are used to enhance the contaminant removal. Recycling of

the water back to the groundwater also results in less off-site hydrologic effects such as

declining water tables. In some instances, lowering of the water table is desirable in which case

off-site disposal is recommended.

VIII. IN-SITU BIOTREATMENT

Physical containment or removal of groundwater contaminants can, in many cases,

present a costly time-consuming problem, especially in dealing with low levels of con-

tamination dispersed over a wide area. As an alternative to physical to groundwater cleanup,

techniques mentioned previously there are biological approaches that can be taken to treat

spills in-situ.

In-situ treatment is a process by which natural or introduced bacteria fungi, and other

biological organisms, as well as chemical materials, are used to neutralize or degrade a spilled

substance in place. These processes are generally slow and not amenable to a quick cleanup;

however, they can be less costly than other control methods.

To understand how these systems operate, one must first understand how the ground-

water environment operates from an ecological standpoint. Understanding the natural forces

at work is essential to devising and implementing an effective in-situ treatment regime.

As with any natural system, groundwater ecology is a mix of physical and biological

characteristics that describe the life processes that exist. In a groundwater system, the physical

setting is a static one. Groundwater temperatures, a major factor in basic survival, generally

reflect the ambient air and surface temperatures. This can typically range from 40°-50° F,

depending on the region. Unlike surface systems, however, groundwater temperatures remain

relatively stable year round, fluctuating less than 1° F over the seasons.

Physical movement of groundwater is another important factor. Water flows through

underground systems in sheets of laminar flow patterns and is quite slow when compared to

surface systems. In natural aquifers where wells are absent, flow is measured in meters to

centimeters per year. The net effect is that little or no turbulence is created in underground

systems causing pollutants to remain in relatively high concentrations over small areas for long

periods of time.

Due to the manner in which aquifers are recharged, groundwater is generally free of

suspended solids. This is a direct result of the natural filtration processes. In addition, ground-

water is an excellent repository for dissolved minerals reflecting the geologic makeup of the

region where it occurs.

Finally, dissolved oxygen in groundwater is generally quite low. This is due to the

oxidative reactions that occur during infiltration and the lack of mechanical agitation that

promotes saturation in surface systems.

These physical factors alone produce a system where little chemical activity occurs. The

net result is that groundwater systems present an effective preservation medium, and chem-

icals artificially introduced tend to remain unchanged in underground systems for long periods

of time.
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Biological adaptations to these conditions must occur along restricted lines. For an

organism to survive in an underground system, it must meet several criteria:

1. It must require little or no oxygen,

2. Organisms must be capable of function in the absence of light,

3. Organisms must require a low level of organic nutrient material input.

These requirements, coupled with limitations on the size of organisms (which vary with

the nature of the local geology) relegate the biota of an aquifier to fungi and bacteria as the

primary or producing level. These organisms are capable of utilizing organic leachates from

the surface environment as a source of carbon (i.e., chemotrophic). Due to the reduced

oxygen content of their niche, they generally function as facultative anaerobes.

Bacterial Growth

In an unmanaged system where pollutants have been introduced, natural bacteria popu-

lations go through an adjustment to the new organic food source or acclimation period. During

this period those forms that can utilize the new chemical food begin to out-compete those

forms not capable of tapping this new supply. In addition, many substances are toxic to

different bacterial species. This results in a significant mortality in the contaminated zone.

Finally, concentration is a factor in bacterial acclimation. A potential food source in low

concentrations may be lethal at higher levels.

Subsequent to acclimation, the surviving bacteria will transform the pollutant to bio-

energy and any daughter products. However, this will occur at a very slow rate. This is

generally due to an unbalanced system. In a balanced groundwater ecological system, the

limiting factor for population growth is generally food sources. Introducing a new chemical

food removes this constraint and population growth will occur until another limiting factor is

encountered. Assuming food substances to be in excess, new limitations on growth will include

oxygen, phosphates, nitrates, and minerals. As a result, one cannot simply depend on in-

creased food to promote significant increases in bacterial populations. For this reason any

in-situ degradation scheme must involve a sampling and monitoring program designed to

monitor and control these variables to insure that the rate of degradation is maximized.

Program Design

The decision to implement a biological program is generally based on cost comparisons

between mechanical and biological alternatives. This decision is also based in part on the

nature of the pollution hazard and the time constraints placed on the cleanup activity. As

biodegradation is a slow process, it often is ruled out based on the need for timely cleanup.

For this reason, physical methods are generally preferred prior to instituting a biological

process.

Once the decision to use biological treatment methods is made, it is then necessary to

develop a treatment program. By this stage, it is assumed that a system of monitoring wells

is in place and adequate characterization of the geology of the spill site has been completed.

A biological program must contain the following elements:

1. A pre-established cleanup level.

2. A method to determine initial bacterial requirements and establish a baseline.

3. Methods to monitor the biological health of the system and progress.

4. A mechanism for adding nutrients and oxygen.

5. Adequate records on progress for use as data.
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Implementation of a biological program should proceed in a logical and scientific manner.

As a first approach, one should identify existing natural flora capable of utilizing the pollutant

as a food stuff. In addition to identification, an estimate of population distribution should be

obtained and compared with chemical concentration gradients. Data collected under previous

efforts will suffice provided it is timely. Bacteria identification and population counts can be

obtained by a variety of methods found in numerous references.

Once this is done, measurement of physical parameters must be obtained. These include

pH, dissolved oxygen (DO), chemical oxygen demand (COD), biological oxygen demand

(BOD), nitrogen, potassium, phosphate levels, chlorides, minerals and trace elements. This

will establish an operations baseline. This data will aid the identification of the limiting factors

for growth and reproduction of the organisms.

Oxygen

Most organisms require free oxygen to sustain life; however, many groups of organisms

require the absence of free oxygen and some groups can live under both conditions. Identi-

fication of the desirable organisms is required before attempting to manipulate the oxygen

levels. A variety of methods for increasing oxygen in a groundwater system have been tried.

These range from diffuser systems (pumps) to introduction of oxygenated chemicals such as

peroxides. Limitations of the various systems are both extrinsic and intrinsic. Chemical per-

oxides have generally proven unsuccessful primarily due to their toxicity to bacterial popu-

lations. Mechanical methods depend on diffusion and are proportional to the rate of ground-

water flow. In areas of low flow velocities it may be necessary to place additional aeration wells

on site so as to promote effective oxygenation over a large area. Other methods of oxygen

enhancement include introduction of liquid oxygen (LOX), and oxygen areators. LOX is

expensive, freezes water on contact and can result in potentially explosive mixtures when used.

Gaseous oxygen, while it does not freeze water, can also produce a potential explosion hazard

if sufficient combustible materials are present also. As oxygen enhancement may be critical

to biodegradation systems, enrichment methods should be considered from a physical systems

and cost benefit approach.

Nutrients

Nutrient addition to a groundwater system must be based on records kept on the overall

process. By isolating those nutrients and trace elements that act as "limiting growth factors""

a significant increase in cost effectiveness and degradation rate can be achieved. Nutrient

enhancement suffers from the same distribution problems as does oxygen enrichment. Force

pumping can overcome this; however, the pumping may increase the pollutant dispersion.

Therefore, adding wells to key areas and reliance on natural dispersion may be preferable. The

grade of nutrients selected necessary so as not to compound a pollution episode with addi-

tional undesirable substances.

Commercial Bacterial Strains

A variety of companies exist today that specialize in the production of "preacclimated

strains"". This is the production of specific organisms that are targeted at specific chemical

substances for a food source. While on the surface, this may appear to be a quick fix (e.g., add

more bacteria, effect faster cleanup) one must consider that these bacteria are subject to the

same nutritional requirements as naturally occurring bacterial populations. Therefore, any

program utilizing commercial strains must be structured along the same principles as a pro-

gram utilizing natural populations. The applicability of commercial bacteria may be found

where natural populations do not currently exist or where a suitable natural acclimation period

cannot be accommodated.
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Summary

Biodegradation can be a most effective pollution abatement tool provided proper control

can be exercised over the process. As a primary process in mitigating groundwater pollution,

however, biological treatment is not as effective or as timely as physical methods for removal

of high concentrations of pollutants. For low concentration where physical methods are of

marginal effectiveness, biodegradation is a worthwhile alternative.

IX. DISPOSAL OF TREATMENT BY-PRODUCTS

The consideration of any control technique must include take into account the disposal

of all produced by-products. Government regulations may affect the ultimate use or disposal

of collected pollutants. Many substances can be accumulated on the groundwater surface, be

collected, and, with minimal treatment, be reused. In the case of petroleum oils removed from

groundwater, reuse as originally intended or use as stationary plant fuels are excellent. One
of the many growing waste exchanges may be of great benefit in arranging for reuse of the

collected by-product.

The disposal of water from dewatering pumps may require permits from various govern-

mental agencies. Approval for removing the water initially may be required by different

agencies.

Disposal of spent activated carbon, filter aids, or treatment sludge resulting from treating

contaminated groundwater may require approvals from various agencies also.

REFERENCES

(l)Yare, Bruce S.—The Use of a Specialized Drilling and Ground-Water Sampling Technique

for Delineation of Hexovalent Chromium Contamination in an Unconfined Aquifer,

Southern New Jersey Coastal Plain. Ground Water, Vol. 13, No. 2, p. 151-154, Mar-Apr

1975.

(2)Pickens, J. F. Cherry, J. A. Grisak, G. E. Marrith, W. F. and Risto, B. A.—A Multilevel

Device for Ground-Water Sampling and Piezometric Monitoring. Ground Water. Vol. 16.

No. 5, p. 322-327, Sept-Oct 1978.

(3)Kazmann, Raphael G.—Some Technical Considerations in Ground-Water Monitoring.

Ground Water, Vol. 14 No. 5. p. 339-343, Sept-Oct 1976.

(4)Osgood, John O.—Hydrocarbon Dispersion in Ground Water: Significance and Character-

istics. Ground Water, Vol. 12, No. 6, p. 427-438, Nov-Dec 1974.

(5) Hough, B. K.
—

"Basic Soils Engineering" Library of Congress Catalog Card Number
57-8294.



Committee 13 Environmental Engineering

Report on Assignment 7

Noise Pollution

F. M. Roach, Jr. (Chairman, Subcommittee), D. C. Clark,

P. C. Conlon, E. P. Herrick, T. P. Pendergast, D. R. York

Your subcommittee submits the following report as general information:

NOISE BARRIER TECHNOLOGY

I. INTRODUCTION

America, today, possesses a highly industriaHzed and technologically advanced society.

As a result of these two aspects of modern American society the United States produces

materials, tools, and means for progress for much of the world. An unfortunate by-product

of this industrialization is the emission of pollutants. These pollutants come in the form of

waste (solid, water and air), and the emission of noise. Railroads, like any industry, emit these

pollutants.

The United States EPA has promulgated a number of noise standards for the railroad

industry in an effort to protect the public environment. Most notably, standards have been set

for sound levels from stationary and moving locomotives, moving railroad cars, locomotive

load test stands, retarders, and car-coupling impacts.

II. GUIDELINES FOR CONDUCTING A NOISE SURVEY

Railroads produce "noise pollution" as a result of sundry operational functions through-

out a given facility. In yard areas the overall noise level is controlled by noises associated with

locomotive maintenance and operation, and with the classification of railroad cars. Noise

levels, both within the yard and around the perimeter of the yard, can vary significantly. There

are two basic approaches to measuring these noise levels.

First, noise from specific sources are measured. In most railroad yards the major sources

of noise are:

1. Locomotives and Switch Engines

2. Retarders (master, group and individual track inertial retarders)

3. Car-Coupling Impacts (Including chain reaction impacts transmitted through groups

of cars.)

4. Load Test Cells

5. Refrigerator Cars (Including refrigerators on COFC and TOFC cars)

Secondly, overall site noise levels are also determined. Overall site measurements are

taken at, or as close as possible to, the property line.

There are Federal noise level standards for all of the above list of sources with the

exception of refrigerator cars. The standards dictate the method of measurement to be

employed and the distance from the source at which the measurement is to be taken. For

locomotives, switch engines, and load test cells the railroad industry has a choice of two

methods to use in order to check noise levels. A railroad may meet a noise level taken

perpendicular to the engine at 100 feet or a less stringent standard at the nearest residential

or commercial property line, whichever is more easily attainable. Noises from retarders and

car-coupling impacts are to be measured at the nearest residential or commercial property

Une.
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Whether noise measurements are to be taken IW) feet from a source or at a property line

the following materials and tools are needed in order to conduct a noise survey:

1. Sound meter—Type I or II with calibrator, wind screen and tripod.

2. Data log—to record noise levels of events and secondary noise (including type and

location), description of measurement location, personnel involved, atmospheric conditions

and calibration information.

3. Wind meter

4. Thermometer

5. Humidity gage

6. Barometer

Whenever practical the measruement location should be chosen so that there is neither

large objects or structures between the microphone and the noise source nor reflective surfaces

to the side or behind the microphone. After the sampling locations are chosen the sound level

meter should be set up on the tripod with the wind screen attached and the instrument oriented

according to the manufacturer's instructions. The meter should be adjusted to the appropriate

scale and modes of operation and the readings taken in the manner prescribed by the Federal

standards.

III. SOLUTION OF NOISE PROBLEMS

Once a noise survey has been completed, the data checked and evaluated, a plan for

eliminating excessive noise to the public environment can be formulated. There are a number

of methods for controlling noise which may be employed.

Protection can be used at the receiver. This protection might be in the form of ear plugs,

or insulation of residences, yards and commercial businesses against excessive sound. In many

instances this sort of protection seems somewhat impractical both from the implementation

standpoint and with regard to effectiveness.

The problem of excessive noise can be eliminated at the source by a variety of means.

Noise eliminating or suppressing devices might be utilized (e.g., quieter shoes on retarders,

mufflers on refrigerator exhausts). Equipment might be redesigned with reduction of noise an

important criteria of the design. Addition of compounds to reduce vibratory motion and noise

might be employed. If noise reduction at the source is the objective, operating procedures of

equipment or facilities might require modification. Source noise control might be accom-

plished by curtailing or ceasing noisy operations during noise sensitive periods (e.g.. business

hours for commercial neighbors or evening and night hours for residential neighbors).

Frequently, the most practical and economically feasible method of noise control involves

affecting changes in the sound transmission path. This might be done by increasing the

distance between source and receiver (e.g., moving minute tracks and similar areas where

locomotives and switch engines idle to interior areas of the yard). By doing this the noise from

the idling engines falls under the control of the less stringent property line standards. Another

means of increasing distance between source and receiver is to move the receiver. In some

cases, especially where there is a very small number of receiver sites or a small amount of land

involved, it might be preferable to purchase property from receivers, thereby moving them

farther from the noise source.

A frequently used and effective method of altering the sound transmission path is the

introduction of a barrier between the noise source and the noise receiver. By inserting a

barrier between the source and the receiver the amount of sound energy reaching the receiver
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is reduced and sometimes eliminated. This reduction of the sound energy is referred to as

"noise attenuation".

IV. NOISE BARRIER DESIGN

There are three components to the noise attenuation provided by a noise barrier (See

Figure 1-1). These components are transmitted noise, diffracted noise, and reflected noise.

Transmitted noise is sound which the barrier permits through the structure. Diffracted noise

is that sound which is bent over the top of or around the barrier. Reflected noise is that sound

which reflects from the barrier. Reflected noise does not reach the receiver unless it reflects

from another surface behind the barrier over the top of the barrier, thereby becoming dif-

fracted noise.

The diffraction or bending of sound waves occurs in the "shadow zone". A straight line

from the noise source over the top edge of the barrier defines the boundary of this zone. Any
receiver in the shadow zone will benefit from some sound attenutation. The amount of sound

attenuation is dependent on the size of the diffraction angle (the angle between the line from

the source to the top of the barrier extended toward the receiver and a straight line from the

top of the barrier to the receiver). The amount of sound attenuation as a result of diffraction

increases as the diffraction angle increases. Therefore, the amount of noise attenuation

attributable to diffraction is dependent upon the geometrical relationship between source,

barrier and receiver.

The amount of transmitted noise, which travels through the barrier, is dependent upon

barrier materia! parameters such as material weight, density, stiffness and surface weight. The

ability of the barrier material to decrease transmitted noise is also dependent upon the

integrity of the barrier. If there should be holes or openings in the barrier surface the reduction

in transmitted noise will be greatly impaired.

The reflected sound does not affect the receiver unless it reflects from another surface,

thereby creating another sound source. Therefore, in the event an installation has but one

barrier and no surfaces capable of reflecting sound behind the barrier no reflected noise will

reach the receiver. Inasmuchas the above situation is idealized and rarely is achieved in reality

the affect of reflected noise upon the receiver must be considered.

The sound attenuation provided by a barrier is critically dependent upon the height of the

barrier relative to the line between the source and the receiver. Obviously, the greater the

shadow zone area and the greater the diffraction angle the greater noise attenuation can be

achieved. Since the barrier height is so easily affected by the height of source and receiver care

should be taken in identifying source and receiver height. For this reason optimum height will

depend on several variables (height of receiver, height of source, and elevation of potential

barrier locations) and will be different in each situation.

Barrier length is dependent upon the relative location of the receiver and the source. The

barrier length must be long enough to insure that the receiver is kept in the shadow zone of

the barrier. Diffracted noise can be bent around the end of the barrier just as it is bent over

the top of the barrier. An optimum length for the barrier would therefore be greatly influenced

by the distance between the source, barrier and receiver and how far from perpendicular to

the barrier longitudinal axis the receiver is located.

Noise barriers can be built vertically or non-vertically (i.e., leaning toward the receiver

or leaning toward the source). Construction of a vertical noise barrier is comparatively less

expensive than the construction of an "angled noise barrier" due to the fact that less material

is required to construct a vertical barrier of a given height than an angled barrier of the same

height. An angled barrier would also require more ground area. In general, however, angled
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barriers will eliminate multiple reflections. Therefore, an angled barrier would be preferable

in situations where barriers are installed on opposite sides of a noise source or where there

might be reflective surfaces behind a single barrier.

There is a wide variety of materials and combinations of materials which may be used in

the construction of noise barriers. The basic structures have been constructed of masonry,

concrete, steel, wood, earth and combinations thereof. There are several variables which can

affect the choice of material to be used for the basic barrier structure. The location of the

barrier may require that the barrier be constructed of a material that is aesthetically pleasing

and, as a result, somewhat more expensive. Space may prevent the use of an earthen structure,

probably the least extensive of materials. Maintenance at the noise source may make it

necessary for the barrier to be removable. The height of the proposed barrier can dictate the

type of material to be used. If the barrier is to be of substantial height steel or concrete will

have to be used. Wood is often avoided because of its tendency to warp, thereby adversely

affecting the integrity of the barrier and its ability to reduce transmitted sound.

Another aspect of the choice of barrier construction materials is concerned with the

source face of the barrier. This face can be covered with reflective or absorptive material. In

general, absorptive surfaces will improve barrier effectiveness. Absorptive materials, how-

ever, are not considered practical in situations where only one barrier is used because reflec-

tive surfaces can be just as effective in this instance and do not normally require replacement

as often as absorptive materials. Therefore, maintenance costs would be smaller. Concrete,

masonry blocks, fibreglas battes, open cell foam, and various acoustical tiles are materials with

comparatively high absorptivity that have been used. Steel, aluminum, and wood have signifi-

cantly lower transmission loss values.

There are other factors which may require consideration in the design of noise barriers.

Safety of workers around the noise barriers and the noise source is of utmost concern. This

includes the areas such as master retarders where tower personnel should be able to see

retarder and barrier maintainers while they work. Ease of maintenance of the noise source,

noise barriers and any other adjacent equipment must be considered. Wherever possible

existing structures or land features should be utilized, thereby cutting installation costs. In

some cases an existing building can be used as an integral part of a noise barrier. In other cases

a hill might be employed as a barrier location in order to reduce barrier construction height.

V. OPTIMUM DESIGN FOR SPECIFIC BARRIERS

When confronted with the problem of reducing noise from individual sources or from a

yard as a whole there are several questions which must be answered:

1

.

Is a noise barrier the best solution to your noise problem?

All other avenues to the solution of your noise problem should be explored. This is

especially true if the noise receiver is an isolated victim who could be easily moved or in the

event that the noise source could be relocated so as to take advantage of the natural noise

attenuation of distance.

2. Where should the noise barrier be located?

Obviously, the location of a noise barrier is dependent upon the noise source it is trying

to treat. If overall yard noise is the problem a property line noise barrier, most likely of

significant dimensions, may be required in order to combat variety of noise sources. An
isolated problem (refrigerator cars, retarders, and idling locomotive areas) can often be

treated with noise barriers very close to the source. Noise barriers installed for car impacts will

often require a noise barrier similar to a property line type barrier due to the scattering of

locations from which a noise can emanate in a classification yard.



Environmental Engineering 359

3. How high should the barrier be?

The height of the barrier is dependent, as previously stated, upon the relative elevation

of the noise source, the receiver and the ground elevation at the proposed site of the noise

barrier. A property line noise barrier should be of sufficient height to keep the "critical"

receiver in the shadow zone of the barrier. A noise barrier installed for specific noise sources

should also be constructed to a height great enough to place any potential noise receivers in

the shadow zone. This is significantly affected by the elevation of the actual noise source (i.e.,

the top of standing locomotives, the bottom of rail cars at retarders and the top of refrigerator

cars). Barriers designed to reduce car impact noise will often take on dimensions of property

line barriers due to the inability to place the barrier in close proximity to the noise source.

4. How long should the barrier be?

Again, as in the height of a barrier, the length of the barrier is greatly dependent upon

the nature of the noise source or sources. The length of the barrier should be sufficient to

insure that the receiver or receivers are located well within the shadow zone.

5. What materials should be used?

As previously stated, the nature of the materials used will often be dictated by the three

previous questions' answers (location, height and length). As a rule of thumb it is preferable

for the barrier to be constructed of material so that the transmission noise level is 10 dB lower

than the diffracted noise level. This insures that the contribution of the transmission noise level

to the overall noise at the receiver is insignificant (i.e., less than IdB.).

The above design questions regarding the physical characteristics of the barrier should be

tempered with the answers to questions regarding functional performance and economics.

1. How expensive will the barrier be?

The cost of the barrier will be a function of its height, length and the nature of the

materials of which it is constructed. Some "trade-off" may be necessary in materials or height

of the barrier in order to make the barrier affordable.

2. Will the barrier create safety problems?

Every effort should be made so as not to compromise the safety of the workers or genera!

public in the area of the barrier. Therefore, safety is an important parameter in the design of

any barrier.

3. What maintenance or durability problems will arise?

The criticality of a noise barrier may dictate that materials requiring high maintenance or

possessing low durability be incorporated in the barrier. Unless material makeup of the barrier

is an overriding parameter the most durable, low maintenance material should be employed

in the barrier construction.

4. Is the barrier aesthetically pleasing?

In most cases this question will not arise. However, property line barriers might be

required by the general public to be pleasing to the eye.

Due to the extreme variations in needs and conditions throughout the railroad industry

it is impossible to recommend a specific design for railroad noise barriers. One shiiuld define

all reasonable alternatives (movement of receiver, movement of noise source, and potential

barrier designs) which can possibly provide a solution to the individual noise problem under

study and thereby insure that the most practical and economical solution to the noise problem

is affected under the existing conditions.
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Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

A. Recommendations for further study and research.

We recommend one new subcommittee assignment with the title "Gradients for Flat

and Saucer Yards". This was a subcommittee assignment in 1975 which was published

in AREA Bulletin 655 November-December 1975. The Committee feels that because

of recent experience in some of our newer flat yards, we should again review the design

criteria with the final objective being the publication of recommended design standards

in the Manual, Section 14.2.5.

B. Revision of Manual.

A proposed revision to the manual, excluding Chapter 6—Passenger Facilities Section,

recently received a favorable majority vote of the Committee membership. The recom-

mended manual revisions were forwarded to AREA headquarters.

1. Fire prevention in yards.

The Chairman is currently collecting data and it is anticipated that a preliminary

report will be ready for committee review by February 1982.

361



362 Bulletin 686—American Railway Engineering Association

2. Bulk material handling systems, collaborating as necessary or desirable with Com-

mittees 6, 8, and 15. This was established as a 8-part assignment to be developed in

sequential order. Parts 1 (Introduction) and 2 (Site selection) have been completed

and were published in AREA Bulletin No. 660 November-December 1976. Part 3

(Material handling facilities) was reviewed in preliminary form at our October 5

meeting and it is expected this will be completed June 1982. The progression of the

remaining parts will follow with anticipated final completion date of October 1983

for this assignment. It is anticipated that this report in its entirety will be recom-

mended for inclusion as manual material.

3. Manual revision of passenger facilities section, collaborating as necessary or de-

sirable with Committee 6.

Our subcommittee chairman has been in contact with Committee 6 and it has been

tentatively agreed that that committee will be responsible for development of man-

ual material for the station proper, including street approaches and parking. Com-
mittee 14 will be responsible for station tracks, including platform facilities and

passenger coach yard with appurtenant facilities. The Committee agreed that Sec-

tion 6.4 "Station Proper" would be dropped from Chapter 14 and the material

made available to Committee 6 for their development of Chapter 6 of the manual.

Some future collaboration with Committee 6 is anticipated and a January 1983

completion is projected for this assignment.

4. Criteria for selecting a dual lead hump for a gravity classification yard.

The chairman is currently receiving input from members and a preliminary report

will be prepared for our February 1982 meeting. An October 1982 completion is

projected for this assignment.

5. Design of intermodal facilities.

It is recommended that this subject be dropped because the scope is too elaborate

and there is substantial overlap with the assignment of Subcommittee 2.

6. Guidelines for intertrack drainage and surface construction in yards.

It is anticipated that a final report will be ready for bulletin publication in early 1982

with the recommendation that further investigation be discontinued.

9. Bibliography of reports by other organizations and bodies concerning yards and

terminals.

A final report for bulletin publication was submitted on June 18, 1981.

10. Cooperate with DOT Transportation Systems Center on study of methodical de-

sign of classification yards, collaborating as necessary or desirable with other AR-
EA Committees or AAR units. This subcommittee has been actively involved with

DOT/FRA in activities relating to yards and terminals including the jointly spon-

sored classification yard workshop held in St. Louis on May 6-7, 1981. This affili-

ation has resulted in two work shops, the development of 3 yard design computer

programs, development of a yard design manual and research and reports in other

areas such as car speed control systems, car presence detection improvements,

rolling resistance studies and investigation of electromagnetic compatibility.

FRA sponsorship of investigation and study in the classification yard area is reaching a

conclusion. We propose to continue this subcommittee as a liaison group with FRA for at least

another year.

The Committee on Yards and Terminals

P. E. Van Cleve, Chairman



MANUAL RECOMMENDATIONS
COMMITTEE 14—YARDS & TERMINALS

Report on Assignment B
Revision of Manual

G. H. Chabot (chairman, subcommittee) and all the members of Committee 14.

Your committee has reviewed Chapter 14 Manual material, except Part 6, Passenger

Facilities, and recommends the following revisions:

Page 14-1-2

Sec. 1.1.2, line 2, change "exhaustive comparable" to "thorough".

Page 14-2-1

Foreword, line 3 of last Par., delete "use of the".

Page 14-2-2

Sec. 2.1, Par. 2 line 1, change "small" to "few".

Sec. 2.1, Par. 5 line 2, change "prospective" to "anticipated".

Sec. 2.1, Par. j6 line 1, add "(15m)" after "50 ft".

Sec. 2.1, delete the last two Par. and insert as a new Par. as follows:

"Signal and communication systems, such as teletype, pneumatic tube, intercom, talk-

back, paging, television, telephone, radio and ACI, and other facilities such as power switches,

shove signals and power derails, should be considered to expedite yard and terminal oper-

ations.".

Sec. 2.2(a), revise to read "Main tracks should by-pass yards.".

Sec. 2.2(b), rewrite to read "Crossovers should be provided as required to facilitate all

normal and regular movements in the yard or between the yard and main track, and so located

to result in minimum interference between simultaneous movements.".

Sec. 2.2(e), line 1, insert "(4.5m)" after "15 ft".

Sec, 2.2(e), line 3, insert "(5.5m)" after "18 ft".

Sec. 2.2(f), line 1, insert "(4.2m)" after "14 ft".

Sec. 2.2(f), line 3, rewrite "not less than 20 ft center to center from such track, subject"

to read "at least 15 ft (4.5m) center to center from such tracks, subject however".

Page 14-2-3

Sec. 2.3.1(a), rewrite to read "The number of receiving tracks should be sufficient to

accommodate arriving trains.".

Sec. 2.3.1(c), replace with "The gradient of the receiving track should be such to avoid

use of hand brakes.".

Sec. 2.3.1, add part (e) as follows:

"(e) If motorized inspection is planned, sufficient width between tracks should be pro-

vided to permit passage of vehicles used for such inspection.".

Sec. 2.3.2(b), add the sentence "Where cars of single classification do not accumulate
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enough to be assigned a separate track, the design features should permit rehump or stage

switching to make the required blocks.".

Sec. 2.3.3(a), add the sentence "It is sometimes preferable to provide dual-purpose

receiving-departure yards.".

Page 14-2-^

Sec. 2.3.3, add part (g) as follows:

"(g) If motorized inspection is planned, sufficient width between tracks should be pro

vided to permit passage of vehicles used for such inspection.".

Sec. 2.3.4(b), revise last sentence to read "In computing capacities, a minimum of 55 ft

(17m) should be allowed for each uncoupled car.".

Sec. 2.3.4(c), line 3, insert "(5.5m)" after "18 ft" and change the word "mechanical" to

"motorized".

Sec. 2.3.4(e), line 3, change "moved" to "removed".

Sec. 2.3.4, add part (f) reading: "(f) Blue flag or similar protective or warning measures

should be utilized for the safety of carmen in the repair yard.".

Page 14-2-5

Sec. 2.3.6.5(c), line 1, replace "that weigh cars can be weighed" with "to permit the

weighing of cars".

Sec. 2.3.6.5(d), replace with: "Storage tracks may be required to ease yard operations

where many cars are held to supply local industries or on-hne customers.".

Sec. 2.3.6.5(f), replace with: "Material supply tracks for Stores and Maintenance of Way
departments.".

Sec. 2.3.6.6, renumber to Sec. 2.3.6.7 and insert a new Sec. 2.3.6.6 to read:

"2.3.6.6 Locomotive fueling and servicing

Facilities for the fueling and servicing of locomotives should be provided as outlined and

specified in Part 5, Locomotive Facilities, particularly Sees. 5.1 and 5.2 of this Chapter 14.".

Sec. 2.4.1, Par 3, revise first sentence to read: "The lead track from the receiving yard

to the hump crest should be designed to provide, if required, a hot oil pit, an under-car

inspection pit, a set-out track for explosive and hazardous commodities and a connection to

release road locomotives.".

Page 14-2-6

Sec. 2.4.1, add to Par. 4, "A good level walkway should be provided for the pin-puller.".

Sec. 2.4.1, line 2 Par. 6, add television," before "telephone".

Sec. 2.4.2, Par. 3, delete last sentence and replace with "The design of the hump height

is described in Sec. 2.4.3 Gradients.".

Page 14-2-7

Sec. 2.4.2, Par. 4, revise first sentence to read "Retarder towers should be located so that

operators will have a clear view of the cars under their control.".
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Sec. 2.4.2, Par. 5, revise to read "Individual switches and retarders may be operated

by remote control. Push-button or programmed switching may be used to select route

codes from which switches are operated automatically. Likewise, retarders may be

operated by push-button selection of speeds or through automatic control from

computers.".

Sec. 2.4.2, last Par. last line, change "and" to "and/or". Delete "both"

Sec. 2.4.3.2, lines 2 and 3, Par. 1, delete the word "opposing".

Sec. 2.4.3.2, Par. 1 line 3, insert "condition and" between "car" and "construction".

Sec. 2.4.3.2, last Par. line 3, delete the word "minimum".

Page 14-2-11

Sec. 2.4.3.4(b), line 2, replace "separation of single and multiple cuts" with "uncoupling

of cars".

Sec. 2.4.3.4(b), lines 3 and 4, replace "care should be taken to make certain" with "the

designer should ascertain".

Sec. 2.4.3.4(c), line 3, add "(17 to 18m)" after "58 ft".

Sec. 2.4.3.4(d), lines 3 and 4, delete "minimum length, or a mixture of both,".

Sec. 2.4.3.4(e) line 1, add "generally" after "hump yards".

Sec. 2.4.3.4(e), line 4, add "(21m)" after "70 ft".

Page 14-2-12

Sec. 2.4.3.4(f), insert a new Sec. (f) as follows:

"(f) Certain criteria for car acceleration and deceleration should be included in the

design of hump yards. The following Par. (g), (h) and (i) are applicable when the last point

of car control is the group retarder. For other method of retarder distribution, similar pro-

visions (consistent with operating and safety requirements) should be included in the profile

design and the retarder lengths.".

Sub-Sees, "(f)" through "(i)" incl. to respectively be relabeled "(g), (h). (i) and (j)".

Page 14-2-13

Sec. 2.4.3.5, mid-page, delete "The quantities to be substituted for the various symbols

may be determined from tests at yards now in operation.".

Page 14-2-14

Sec. 2.4.3.S(b), first line, change "below" to "beyond".

Sec. 2.4.3.5(b), last line, last Par. add "(6.5 Km/h)" after "4 mph".

Page 14-3-2

Sec. 3.1.1(a), lines 1 and 2, change "the following factors should be considered in the

selection:" to read "the selection should consider the following:".

Sec. 3.1.1(b), lines 1 and 2, replace "should be determined in advance from consideration

or' with "will depend on".

Sec. 3.1.1(d), line 1, change "The factors of design" to "The design factors".
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Sec. 3.1.2(b), first line, change "be arrived at by allowing" to "allow" and add "(2 to

2.5m)" after 8 ft".

Page 14-3-3

Sec. 3.1.2(b), top line, add "(3 to 4.5m)" after "15 ft".

Sec. 3.1.4(d), line 2, add "(3.5 to 5.5m)" after "18 ft" and "(50m)" after "175 ft".

Page 14-3-4

Sec. 3.1.6, last line, add "(2.5m)" after "8 ft".

Page 14-3-5

Sec. 3.2.1(c)(2), last line, add "(4m)" after "13 ft".

Sec. 3.2.1(c)(3), last line, add "(3m)" after "10 ft".

Sec. 3.3(d), first line, add "(18m)" after "60 ft".

Sec. 3.3(e), second line, add "(35 to 45m)" after "150 ft" and, last line, add "(18m)" after

"60 ft".

Sec. 3.3(f), line 2, add "(6.5m)" after "22 ft".

Page 14-4-2

Sec. 4.1.1, first line, the word "waterfront" should not be hyphenated.

Sec. 4.1.2, line 1, delete hyphen "(-)" in "waterfront".

Sec. 4.1.4, line 1, delete hyphen "(-)" in waterfront".

Sec. 4.1.5, first line change "space" to "area" and add comma "(,)" between "ground"

and "pier".

Page 14-4-3

Sec. 4.2.2, Par. 1 line 1, change "90 ft" to "90 ft (30m)".

Sec. 4.2.2, Par. 2 lines 3 and 4, change "400-ft radius (14 deg 20 min)." to "400-ft (120m)

radius.".

Page 14-4-10

Sec. 4.3.2.2, line 2, add "(18m)" after "60 ft".

Page 14-4-16

Sec. 4.6.1.3.1(e), add "(4m)" after "13 ft".

Sec. 4.6.1.3.3, add metric values after English measurements; line 2, "(3.7m)" and

"(1.1m)"; line 3, "(1.75m)" and "(1.4m)"; line 4, "(2.45m)"; and line 9 "(1.3m)" and

"(2.45)" respectively.

Page 14-5-1

Foreword, Par. 2 line 1, "facilities" is misspelled.

Page 14-5-2

Sec. 5.1.1(b), line 3, change "are" to "can be" and line 4, after "management" delete the
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balance of the sentence and replace with "in such a manner that they will function ade-

quately.".

Sec. 5.1.1(c), fourth line from the end, delete "(coal, diesel and fuel oil)".

Sec. 5.1.3, first line, insert "and leave" between "enter" and "the locomotive" and

second line, change "end; " to "point, but".

Page 14-5-3

Sec. 5.1.3, add part (e) as follows:

"(e) Escape tracks should be provided where possible.".

Add Sec. 5.1.6 as follows:

"5.1.6 Items to be considered in the design of locomotive facilities:

(a) Fire control system:

(1) Water storage tank.

(2) Various types of fire fighting equipment, extinguishers, hydrants, etc.

(3) Special fire lanes.

(4) Emergency shut-off valves.

(5) Special storage areas for solvents, paints, etc.

(6) Dikes around fuel tanks.

(b) Pollution:

(1) Water pollution by oil, radiator treatment and other chemicals.

(2) Solid waste disposal.

(3) Sound pollution and noise regulations.

(4) Air emissions from exhaust, plant, chemicals, etc.

(c) Services:

(1) Load testing facilities for diesel locomotives.

(2) Cab signal test facilities.

(3) Retention type toilets.

(4) Solid waste disposal facilities, incinerators, compactors, etc."

Sec. 5.2.1, delete part "(a)".

Sec. 5.2.1(b), delete heading "(b) Fuel Oil Stations".

Page 14-5-^

Sec. 5.2.4, delete part "(a)2.

Sec. 5.2.4(b), delete heading "(b) Diesel and Electric locomotives".

Sec. 5.2.5(a), delete symbol "(a)".

Sec. 5.2.5(b), delete.

Page 14-5-5

Delete Sec. 5.3(f).

Sec. 5.4.1(a), line 1, change "units" to "locomotives".

Sec. 5.4.1(g), line 9, delete "at which point it will be".

Page 14-5-6

Sec. 5.4.1(g), last line, change "eliminated" to "reduced".
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Sec. 5.4.1, last Par. line 2, insert "locomotives" before "outbound" and terminate the

Par. after "outbound track.".

Sec. 5.5, delete entire Sec.

Page 14-5-7

Sec. 5.5, delete.

Page 14-7-1

FOREWORD, rewrite as follows:

"FOREWORD
This part deals with the several and varied activities, such as stores, material yards and

reclamation facilities, which are necessary for the continued functioning of the railroads.

Although these facilities are normally located within or immediately adjacent to a yard or

terminal complex, they are not necessarily intrinsic to them. ".

Page 14-7-2

Sec. 7.1.1 General, rewrite the first sentence as follows:

"The stores department is responsible for the ordering, care, control, distribution and, in

some cases, accounting of materials and supplies used or reclaimed in the construction,

maintenance and operations of a railroad.".

Sec. 7.1.2(a), second line, delete "store" after "general".

Sec. 7.1.2(a). last sentence, add "and will handle stationary and office supplies.".

Sec. 7.1.2, last Par., delete the first two sentences, lines 1, 2 and the first four words of

hne 3.

Page 14-7-3

Sec. 7.2.1, last Par. line 2,, change "in between and" to read "between them and is"

Sec. 7.2.1, last Par. line 3, change "surfaced and the driveways serving it paved to

support" to "surfaced with paved driveways to support".

Sec. 7.2.2, line 1, change "kept-in" to "stored".

Sec. 7.2.2, line 4, terminate the sentence with the word "storage" and begin the next

sentence with "Unseasoned".

Sec. 7.2.2, line 7, delete "the piles".

Sec. 7.2.2, line 8, delete "into and out of.

Sec. 7.2.3, line 1, change "called upon" to "required".

Sec. 7.2.3, line 2, add the word "storage" before "tanks".

Sec. 7.3.1, line 7, add period "(.)" after "cranes" and begin last sentence with "A large area

Sec. 7.3.2, line 3, change "would" to "should".
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Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering association:

Your committee reports on the following subjects:

A. Recommendation for further study and research.

At the request of the AREA Executive Committee the committee as a whole gave a

report of their recommendations for research or testing to be done at F.A.S.T. was specific

to that facihty. The Chairman's recommendations for this assignment will be made indepen-

dent of those recommended for consideration at F.A.S.T.

B. Revision of Manual

This assignment has been diligently pursued throughout the year with several recommen-

dations for revision of manual material. As a Committee assignment the Task group working
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on "editing manual material" has completed a major rewriting of the text material which has

been recommended by the Committee for publication. This has been a massive undertaking

and culminates approximately three years of work by the Committee members. Disposition

of requests for the revision of Chapter 15 manual material is pending at this time.

Your Committee is actively working on revisions of Movable Bridges part of the chapter

for the purpose of introducing the material necessary to cover hydraulic drive equipment for

movable bridges. In addition there is much discussion concerning the format of this part of the

chapter with several recommendations for changes.

The High Strength Bolts subcommittee has received a letter ballot that approves a change

of allowable stresses in the use of high strength bolts and will make their recommendations for

changes in the manual.

2. Obtain data from which the Frequency occurrence of Maximum stress in steel railway

bridges may be determined under service loading.

Your Committee has been very active in pursuing the necessary data to progress this study

and sent a letter to the Senior Engineering Officers of all member roads of A.R.E. A. asking

their help in this matter. While this information is not generally available in the Railroad

records, many roads made contributions and it is now felt that the Committee has received or

soon will receive all that information which is to be available to their group. Two roads had

information available in tabular forms and sufficient details to provide a rather wide data base

for conclusions to be drawn with some certainty that they can be substantiated by future

records and service experiences. This Committee now feels that it has enough data to permit

their studies to take form and to determine if patterns of loading can be developed. From this

study, it is probable the recommendations will be developed for loading information to be

gathered by railroads, in the future, as well as charts to guide the engineer in rating the older

bridges.

4. Develop specifications for the earthquake design of steel railway bridges.

This assignment is being progressed. Much of the work that has been done by others, does

not have application to the Railway industry. It is the purpose of this group to write a

recommended practice for general use and to guide the designer when he needs to use more

determinant studies.

5. Establish criteria for determining serviceability of steel structures which have been

exposed to fire.

This Committee has been active in evaluating materials available on this subject and in

particular those things which are applicable to Railway bridges. They are in position now to

begin drafting the recommended text material for this subject.

7. Bibliography and Technical Explanation of various requirements in AREA specifica-

tions relating to iron and steel structures.

This Committee has been very active in drafting materials that are explanatory of the

fracture critical control program. While their work must by necessity follow behind the

schedule of the fracture control text writing, they are making an all out effort to have the

bibliography material ready at the time the material is presented for letter ballot so that there

will be full coordination and understanding of the text and its intended usage.

Committee 1 Chairman has requested this Committee to make a review of the text for

manual material which Committee 1 expects to put out for letter balloting concerning cor-
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rugated metal pipe culverts. This review is a rather extensive piece of work which Committee

15 has started on. Committee 15 will request A.R.E.A. to review Committee 15's participation

and assignment in view of the introduction of aluminum material and other changes in the

corrugated metal pipe industry.

The Committee on Steel Structures

H. B. Cundiff, Chairman



MANUAL RECOMMENDATION

Your committee recommends that this new figure 1 be placed on page 15-1-5 of the

manual.
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(E) Member Emertius

Committee

TTiose whose names are in boldface, in addition to the Chairman, Vice Chairman and Secre-

tary, are subcommittee chairmen and vice chairmen.

To The American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

The sub-committee has continued to update and revise part 4 of Chapter 16. This has been

a very active and important part of Committee 16"s work during the past several years.

3. Determination of Factors, Including Various Traffic Volumes Affecting Maintenance

of Way Expense and Effect Of Using Such Factors In Terms Of Equated Mileage or Other

Derived factors. For Allocation of Available Funds To Maintenance of Way, Collaborating as

Necessary or Desirable With Committee 1 1 and 22.

(a) Additional Factors Affecting Capital Investment and Maintenance Cost Due to Oper-

ating UK) Ton Unit Trains.

A paper on the economics of heavy cars has been written and published by one of the

sub-committee members. It has been reviewed by our Engineering Committee and is presently
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being evaluated by a Cost Analysis Group. The sub-committee will review the results of the

analysis of this report vis-a-vis the overall assignment.

4. Economic Evalution of Methods For Reducing the Probability of Derailments.

The first phase dealing with a comprehensive check list of causes of derailments has been

completed. The subcommittee is now proceeding with Phase 2. Subject has been broken down

into a number of sub-assignments which are being developed by individual members. Follow-

ing this, Phase 3 will analyze the results and make individual reports on the economics of

various methods to reduce the probability of derailments.

7. Applications of Industrial Engineering Functions to The Railroad Industry.

A report on production, planning and control has been completed and will be published

shortly. This will be considered as possible manual material.

The committee has requested approval of two new assignments and it is expected that

work will begin early in the new year after approval is received.

The Committee on Economics of Plant, Equipment & Operations

J. C. Martin, Chairman
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R.C.O. unit at Trenton, Ontario on C.N. rail. The report will be forwarded for publication

in the bulletin.

They are currently preparing a report on the committee's June 24, 1981 inspection of

F.A.S.T.

2. Economics to be derived from use of track laying system (TLS-Train).

This study was concluded at the January 20, 1981 committee meeting. The final report will

be forwarded for publication in the bulletin. The material developed by this sub-committee

was presented as Committee 22's contribution to the March A.R.E.A. Technical Conference.

The "Economics of Highway Grade Crossing Renewals" is the new subject that will be

assigned this sub-committee during the January 1982 committee meeting.

3. Economics of renewing railway turnouts and crossing by panel method vs. replacement

in place.

This study was concluded at the committee's June 25. 1981 meeting. The results of the

study were presented at the A.R.E.A. Regional meeting October 8, 1981 at Montreal. The

results of this study were published in the November-December Bulletin 685.

The "Economic use of geotextile Fabric in both new Construction and Track Rehabil-

itation" is the new subject that will be assigned to this sub-committee during the January 1982

committee meeting.

4. Ex:onomics of the installation of concrete ties vs. wood cross ties.

A questionnaire on this assignment has been mailed to the industry during July 1981. A
draft of the results of that survey will be presented to the committee at it's January 1982

meeting. This subject should be closed out at the June committee meeting.

5. Yard rehabilitation.

An outUne of a proposed method for studying this subject was presented to the commit-

tee, and accepted. The sub-committee is presently developing a questionnaire. A draft of the

results will be presented to the committee at it's January 1982 meeting. This subject will be

closed out in 1982.

6. Material distribution and pick-up for mechanized gangs.

This sub-committee is presently surveying the industry for information concerning this

subject. A draft of their findings should be available for the committee's January meeting. This

subject should be closed out in 1982.

7. Economics of variable working hours.

The sub-committee has completed their survey of the industry in regards to this subject.

They received 34 responses. They are planning on presenting a draft of the results at the

January committee meeting. This assignment should be closed out at the June 1982 committee

meeting.

8. Economics of rail surface maintenance.

This sub-committee recently presented their study plan to the committee. After much

discussion, it was decided that the sub-committee needed to re-define the subject and study

plan to clarify several points. The sub-committee chairman has been instructed to present a

new study plan at the January 1982 committee meeting. This subject will probably not be

closed out until January 1983.

The Committee on Economics of Railway Construction and Maintenance

A. E. Shaw. Jr., Chairman
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Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

A. Recommendations for further study and research

The subcommittee assignments have been carefully reviewed in accordance with the goals

and purposes of the committee. An up-dated program will be developed.

1. Recruiting

No report.

4. Student AfTiliates

The student affiliates group has worked with other AREA committees to sponsor the

student design contest. This year's contest was sponsored by Committee 6 on Buildings: the

extraordinary success of the contest was demonstrated by the quality of the winning entries.

The contest for 1982 will be sponsored by Committee 8 on Concrete Structures and Founda-

tions. A paper contest involving an original paper, prepared by interested students, concern-

ing various aspects of railway engineering, is scheduled for 1983.

5. Continuing Education

The assignment is concerned with providing part-time education, short courses, lectures

at railroad offices, or other programs to bring new developments in engineering education to
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engineers already employed by railroads. A proposal for continuing education seminars to be

held in conjunction with AREA annual meetings is being formulated by the subcommittee.

6. Speakers

The major function of the subcommittee is to assist in arrangements for officers from

railroad civil engineering, and the departments of maintenance of way and structures to

address interested on-campus students, classes, and conferences. The speakers normally come

from a railroad serving the immediate area of the school, and present to the students the

attractive and challenging features of railroad engineering, or give lectures concerning special

engineering designs, procedures, or projects that are of interest to students.

A letter has been sent to the various universities in the U. S. indicating the availability

of railroad speakers.

The Committee on Engineering Education

E. Y. Huang, Chairman
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Committee

Those whose names are in boldface, in addition to the Chairman and Vice Chairman, are

the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

No report.

1. Reliability Engineering as Applicable to work Equipment.

Report given regarding progress of tamper tool testing in various types of ballast. In-

vestigation continuing with five types on test.

2. Repair and Maintenance of Maintenance of Way Equipment, Shops, Supervision,

Mechanics in Field and Shop, Shop Equipment, Vehicles and Tools.

New committee.

Report was given summarizing questionnaire mailed to members regarding staffing.

Subcommittee will start looking into the economics of machine servicing.

3. Engine Selection for Work Equipment.

Investigation into the various engines on the market is continuing. An engine interchange

guide was presented to the committee.
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4. Abrasive Rail Saws.

Report submitted summarizing a questionnaire submitted to the members.

5. Training Programs for Machine Operators and Maintenance Personnel.

Committee reviewed several tape slide presentations submitted by manufacturers. Sub-

committee asked to look into training for operators of automatic lining and surfacing ma-

chines.

6. Design for Cars Used in Maintenance of Way Department.

Committee reviewed prints for various cars for moving equipment.

7. Equipment Inspection, Procedures and Reports, New and Existing Machinery.

Reviewed preliminary report on this new subject.

8. Applied Metallurgy.

No report.

9. Work Equipment for Rapid Transit Systems.

No report.

The Committee on Maintenance of Way Work Equipment,

R. L. Bolgioni, Chairman

Report Subcommittee 2—Work Equipment Repair Organizations
Your committee presents as information, the results of a survey of work equipment repair

organization. The response to this survey was excellent and we wish to thank all those who

contributed data. We also wish to thank F. H. Smith for his previous report upon which this

report was based.

Roads with 1,000 to 30,000 miles of line.

Ten roads in this category responded. Of these roads, repairing work equipment in

company shops three have a single central shop. Six have from two to eight central or overhaul

shops. One reporting road has no central or overhaul shop and has manufacturers overhaul

their equipment. Special testing equipment used in these roads central or overhaul shop

include hydraulic test bench and engine dynamometer. Eight of the reporting roads use

hydraulic test benches and seven of the reporting roads use engine dynamometers.

Another piece of special equipment that is getting more use and increased attention, is

the portable or trailer mounted steam or hot water high pressure machine cleaner. All ten

reporting roads have from three to thirty-six of these cleaners in use on their railroad.

NUMBER OF MILES OF ROAD PER:

FIELD FIELD ALL ALL
SUPERVISORS MECHANICS SUPERVISORS MECHANICS

MAXIMUM 5,000 196 1.875 123

AVERAGE 1,064 127 580 71

MINIMUM 185 37 116 27

Some interesting new and different types of equipment used to repair, maintain and care

for work equipment was reported by several roads. These reports includes lubrication equip-
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ment both on service trucks and fuel trucks. Also one road reports the use of strictly lubri-

cation trucks. Several roads report the use of tractor and low boy trailer trucks for transporting

work equipment. Finally, service trucks reported by most roads carry cranes and welders. The

majority of service trucks are now in the 1 ton capacity rating with one road, reporting 1 '/: ton

trucks used for service trucks.

Roads with less than 1,000 miles of road.

Five roads in this category responded. Of these roads, repairing work equipment in

company shops two have only one central or overhaul or running repair shop. Two reported

having one overhaul and one running repair shop. Finally the remaining road reported have

one overhaul and two running repair shops. These roads also report the use of portable or

trailer mounted steam or hot water high pressure machine cleaners. All reporting roads

responded that they use these machine cleaners.

NUMBER OF MILES OF ROAD PER:

ALL SHOPS ALL SUPERVISORS ALL MECHANICS

MAXIMUM 273 273 37

AVERAGE 150 122 18

MINIMUM 65 65 8

CONCLUSIONS

From looking at the statistics provided by the responding railroads and the previous

report on this subject, certain points of agreement are apparent.

The key in any work equipment repair organization is the Field Mechanic or Repairman.

Also of extreme importance are his support equipment and the size of his terriotry. In other

words, if his territory is too large, he will spend more time travelling than in performing repair

work. On the other hand, if his territory is appropriate and he is well equipped with tools and

critical spare parts, he will be able to do much work that would otherwise have to go to a shop.

Furthermore, he can ensure that proper and complete preventative maintenance is carried out

each day.

Another very important factor in any work equipment repair organization is the mo-

tivated and properly trained machine operator who is equipped with the proper tools and the

very critical spare parts. These properly motivated, trained and equipped machine operators

can substitute for or minimize the need for field repairmen. The increasing mechanization and

automation of railroad maintenance work places more emphasis on the field repairmen and

machine operators to perform repairs. This points out the very pressing need for further

training of operators and foremen by the manufacturers and railroads both in classroom and

field situations.

This need is being met by most of the responding railroads by the increasing use of work

equipment instructors both in the field and classroom.

Finally, the survey of field repair vehicles now shows an increasing preference for the 1

ton utility truck over the Mi ton utility truck. Apparently increasing loads, tools and equipment

along with the rough terrain require the use of a larger truck.

Also, the survey now shows an increasing preference for portable or trailer mounted

steam or hot water high pressure machine cleaners. Another innovation, since the last report,

reported by several roads, is the use of tractor and low boy trailer combinations for trans-

porting work equipment.
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Report—Subcommittee 4

The following report is hereby submitted from subcommittee #4 on portable abrasive rail

saws and abrasive wheels:

1) The following items should be considered by the Railway Industry when purchasing

portable abrasive rail saws:

A) Portability (How many items other than saw are necessary to make cut).

B) How much knowledge and education in use of abrasive rail saw is required by

operators.

C) Dependability of saw to properly operate in adverse conditions, including ease of

engine starting in all types of weather.

D) Cost per cut including machine maintenance.

E) Quality of cut (Square and clear).

F) Speed of cut.

2) Ease of operation: Portable abrasive rail saw operation is now as easy as power hack

saws due to the fact that if clamping devices are attached correctly or when a saw has to be

turned and is not positioned in saw cut properly, the cut will not turn out square and clear.

3) All rail saws should have external carburation adjustments (outside of housing).

4) Overall cutting time, including clamping, should be better on an abrasive saw vs.

power hack saw.

5) Problems that have been reoccurring with portable abrasive rail saws are as follows:

A) Saw failure to start and operate properly due to improper saw adjustment and/or

failure of operator to have proper training in saw operation.

B) Unsatisfactory abrasive wheel.

6) Protective equipment that should be worn by saw operators should include the follow-

ing:

A) Safety glasses.

B) Safety toe shoes.

C) Heavy gloves.

D) Protective leggings.

ABRASIVE WHEELS FOR PORTABLE SAWS

1) The following minimum standards should be considered when purchasing abrasive

wheels:

A) Variation from end squareness of cuts shall not average more than V\b inch for all

cuts made with any one blade.

B) Maximum variation shall not exceed more than Vn inch both vertically and horizon-

tally.

C) Square inch of rail cut per one inch loss in radius should not exceed 27-35.

D) Square inch of rail cut per minute should be a minimum of 5.5.

E) Abrasive wheels which cause discoloration (bluing) when cutting rail of more than

one inch should not be used.
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Committee

Those whose names are shown in boldface, in addition to the Chairman, Vice Chairman,

and Secretary are the subcommittee chairmen.

To the American Railway Engineering Association:

Your Committee reports on the following subjects

B. Revision of Manual.

Subcommittee 4 Restudy and Possibly Revise "Clearance Diagrams—Fixed Obstruc-

tions". This Subcommittee was completed September 1981 and is being submitted to the

Board of Directors for approval.

Subcommittee 8 Restudy of Clearance Allowances for Horizontal Movement by Pas-

senger Cars due to Lateral Play, Wear and Spring Deflection. This Subcommittee also was

completed September 1981 and is being submitted to the Board of Directors for approval.

Subcommittee 10 Review the form for Reporting Loads which exceed Line Clearances

now in Chapter 28 of the Manual. A new form was approved by the Committee and also is

being submitted to the Board of Directors for approval.

1

.

Investigate the practicability of using disposable placards or other appropriate marking for

identifying shipments of excessive dimension and/or weight. After four years of study.

research, discussions at meetings, and correspondence with AAR mechanical department,

this subcommittee was recommended to be dropped.

2. Compilation of the Railroad Clearance Requirements of the Various States.

This is a continuous assignment with all Committee Members participating in furnishing

changes in clearance laws as they occur. The chart showing these requirements is in the

manual and will be updated as significant changes are reported.
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3. Investigate the criteria for handling Heavy and Excessive Dimension Shipments, collabo-

rating as necessary or desirable with committees 5, 7, and 15. A change in Committee

Chairman took place in 1981 and we expect to complete this in 1983.

5. Research and Develop Book covering Heavy Duty Car Diagrams and Ratings. We should

have all the diagrams completed by the end of 1982. We feel this book, when completed,

will be a very vital tool to those who work with clearing dimensional shipments.

6. Study the Effects of Shipment Center of Gravity in Relation to Train Speed and Track

Curvature. A set of guidelines for handling loads with high center of gravity has been

developed. However, it is the opinion of the Committee to wait for test results to come

back from the Transportation Test Center near Pueblo before recommending anything be

done to this Committee.

7. Liaison Committee to work with AAR Management Systems Department in implemen-

tation of UMLER Phase II to include needed car characteristics data for use in the Official

Railway Equipment Register. This Committee continues to monitor any activities with the

AAR Management Systems Department in connection with UMLER Phase II. It is

expected to complete this Committee 1983.

11. Compilation of a Comprehensive Bibliography pertaining to the Technical Literature on

Railroad High and Wide Clearances. This booklet will include articles from publications

with pertinent information on various railroad clearance situations. This Committee

should be completed in 1983.

The Committee on Clearances

E. E. Kessler, Chairman



MANUAL RECOMMENDATIONS
COMMITTEE 28—CLEARANCES

PART 3

MISCELLANEOUS

1981

(Reapproved with revisions 1981)

The Committee recommends that these revisions be published in the AREA Manual in

Chapter 28, Part 3—"Miscellaneous," as Item 3.1, thereby replacing the current page 28-3-1.

The information on page 28-3-2 will not change.

3.1 CLEARANCE ALLOWANCES FOR HORIZONTAL MOVEMENTS OF
PASSENGER CARS DUE TO LATERAL PLAY, WEAR AND SPRING DEFLECTION

The calculation of lateral clearance requirements for passenger cars on curved track

involved the following factors:

1. Width of cars.

2. Overhang at ends and middle of cars due to curvature.

3. Elevation of outer rail.

4. Lateral play between wheels and rails and displacement due to wear in truck parts.

5. Roll of car body, due to unequal spring deflections and play in side bearings.

6. Allowances for the effect of track irregularities and dynamic behavior of equipment.

The first four factors can easily be calculated and present no problem. A method of

determining allowances for factors 5 and 6 is presented below.

The roll of the car body, with respect to the truck, on curved track occurs when the effect

of the centrifugal force is not exactly balanced by the elevation in the track. When this

condition exists, there is an "unbalanced elevation" equal to the deficiency or excess of

elevation required for equilibrium. Such unbalanced elevation has a similar effect on a moving

car as elevated track has on a standing car for equal values of unbalanced elevation and track

elevation.

The determination of the lateral displacement of the car body due to lateral play and wear

in the truck parts, may, for all practical purposes, be combined with the lateral displacement

due to tilting, and the two factors may be determined as follows:

'References, Vol. 61, 1960, pp. 549, 1025, Vol. 63, 1962, pp. 339, 622; Vol. 66, 1965. pp. 252, 255; Vol. 71, 1970, p. 485;

Vol. 76, 1975, p. 233; Vol. 79, 1978, p. 291

^Latest page consist: 1 (1981); 2 and 27 (1978); 3 to 25. incl.
,
(1975).

386



Report of Committee 32—Systems Engineering

A'^A
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R. W. Zimmer

Committee

Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

A. Recommendations for further study and research.

L Development of track maintenance cost model balancing cost subtract maintenance

against economic benefits of good track.

2. Standardization of definitions of track geometry parameters.

3. Development of track quality index that accurately describes track quality.

4. Data element priorities for maintcnancc-of-way data bases.

B. Manual and Revision of Manual

The committee has decided that there is no one best way to carry out systems engineerings

functions in the maintenance of way area. Therefore, at least for the present, it will not submit

recommended practices for incorporation in the manual.

1. Administrative Systems—Disseminate information pertinent to design and implemen-

tation, including specific applications and techniques within the scope of railroad engineering.

In the summer of 1981 the subcommittee conducted a survey of all Class 1 railroads to

determine the extent to which track information is available and the form in which it is

available. By October 1, the subcommittee had heard from over half of all Class 1 railroads

and analysis of the survey was underway. Results of the survey will provide a measure of the
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emphasis American Rialroads place on various types of track data and more importantly, the

extent to which railroads have made the conversion to computer-based information systems.

Results of the survey will aid Committee 32 in planning its own efforts in this area.

Two papers have been submitted and approved for publication in the AREA Bulletin.

These are: (1) "Creating a Fixed Plant Data Base; an Engineering Viewpoint" by A. E. Fazio

and G. L. Medley, and (2) "The Use of Relational Data Bases in Right of Way/Maintenance

of Way Applications" by W. S. McEwan and D. W. Mattoon.

3. Systems Engineering—Collect and disseminate information to the Association mem-
bership by means of special features, seminars, demonstrations, and printed material.

The subcommittee is planning a symposium on "Uses of Track Geometry Information"

in conjunction with the Bridge and Building Association Conference and the Roadmasters

Association in New Orleans, Louisiana on October 4 and 5, 1982. Speakers have been invited

to present papers, and plans for the symposium are well along.

Committee 32 is co-sponsoring with the American Society of Civil Engineers a conference

session on "Railroad Engineering Applications of Data Management and Analysis Tech-

niques." The session will be part of the ASCE 1982 Convention to be held on April 26-30,

1982 in Las Vegas. All speakers invited to participate in the session have accepted and papers

are in preparation.

The committee publishes a newsletter two to three times per year to keep members

abreast of developments in systems engineering.

4. Provide interface for coordination of effort in railroad engineering systems.

Members of Committee 32 are participating in two technical review panels providing

industry guidance to the FRA in areas of expertise of committee members. These are: (1)

Contract DTFR-80-C-00119, "Partial Characterization of Rail Distribution in Selected Parts

of the National Track System," and (2) Contract DTFR53-81-C-00024, "A Long-Term Main-

tenance of Way Planning Technique Program." The technical review panels have provided

practical suggestions to the FRA and contractors as well as serving as a mechanism to keep

the industry informed in areas of interest and concern.

5. Utilization of Track Geometry Data

The subcommittee conducted a survey in the Fall of 1981 to determine how railroads with

track geometry cars were utilizing track geometry data in maintenance of way planning. The

subcommittee plans to evaluate the various methods and approaches and publish its findings.

The objective of the effort is to attempt to determine what techniques are likely to lead to the

most effective ways of utilizing track geometry data. Efforts of the subcommittee may be the

first steps toward standardization of track geometry measurement and utilization with ultimate

publication in the AREA Manual.

6. Hazardous Material Transport—No report.

The Committee on Systems Engineering

R. F. Tuve. Chairman
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Committee

Those whose names are shown in boldface, in addition to the chairman and vice-chairman

are the subcommittee chairmen.

To the American Railway Engineering Association:

Your Committee reports on the following subjects:

1. Electrification Economics—This subcommittee is completing a general update of the

various costs and benefits associated with railway electrification to reflect the tremendous

inflation that has occurred since the last summary of costs was published in the AREA
Bulletin. This subcommittee will also begin an investigation into the impacts that certain

railroad operating practices would have on the cost of railway electrification.

2. Clearances—This subcommittee completed its primary task and is continuing to mon-

itor foreign developments in techniques for reducing electrical clearances.

3. Voltage Standards—This subcommittee completed its primary task several years ago

and is essentially inactive.

4. Catenary/Pantograph Systems—This subcommittee had nearly finished a glossary of

catenary terms and typical configurations of recommended catenary styles. Material is being

prepared concerning the interface between catenary and the vehicle borne pantograph. Short

time amperage ratings of catenary conductors is also being reviewed.

5. Signals and Communications—The Manual submittal for the proper use of impedance

bonds has been completed. Work will continue in the field of electro-magnetic interference on

both signal and communications circuits.

6. Power Supply and Distribution—This subcommittee has completed Manual sections
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on substations and main traction transformers and is now preparing material on the unique

problems associated with moveable bridges.

7. Contact Rails—This subcommittee was recently reinstated at the request of the Board

of Direction. The members are trying to determine what requirements should be included for

contact rail construction.

9. Illumination—No report.

10. Equipment Generated Electrical Noise—This subcommittee will attempt to define

techniques to measure this noise and then set recommended limits for the various frequencies

for certain conditions.

The Committee on Electrical Energy Utilization

R. U. Cogswell, Jr., Chairman
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The state of the art of weighing changes constantly necessitating new methods of testing

or new regulations to govern the devices. Because a large part of the revenue of the railroads

is determined with scales other than track scales, it is requested that the undertaking of this

subcommittee encompass all types of scales used in determining freight charges or to light

weigh rail cars. It is, therefore, requested that the title of this Subcommittee be changed to

read, "Innovations in Scales."

5. Investigate tank car weighing.

The Committee continues to receive numerous requests for information on weighing tank

cars. Although this subject was originated some time ago, conclusions are very hard to reach

because of the many variables in scales, tank cars, and commodities hauled. The Chairman of

this Subcommittee expects to make an indepth study of the subject so that recommendations

can be made on a sound basis.

The Committee on Scales.

M. R. Gruber, Jr., Chairman

Report on Subcommittee 5—Investigate Tank Car Weighing.

The purpose of this subcommittee is to determine if liquids or semi-liquid commodities

can be accurately weighed on track scales. The study is being developed as follows:

I. Types of track scales.

A. Static full draft

B. Static double draft

C. Uncoupled-in-motion, single draft

D. Uncoupled-in-motion, double draft

E. Coupled-in-motion. double draft

F. Coupled-in-motion, axle weigher

II. Types of tank cars

A. Pressure car or non-pressure car

B. With or without dome
C. Baffled or non-baffled

D. With or without heater coils

III. Commodities

A. Viscosity

B. Foaming or non-foaming

C. Temperature sensitive or non-sensitive

D. Precipitates out of solution

E. Height of loading in car.

This information is being gathered by some of the larger tank car hauling carriers who
have expressed a willingness to cooperate.

When the study has been concluded, it is hoped that a recommendation can be given as

to which commodities can be satisfactorily weighed on what type of track scale in which type

of tank car.

F. J. Loyd, Chairman

Subcommittee 5.



Harper's Ferry

The bridges of the Baltimore and Ohio Railroad (CSX) over the Potomac River which

cross from Maryland to Harper's Ferry, West Virginia are steeped in Railroad and National

history. The first line of the B&O, on which construction was started in 1828, reached the

north (Maryland) bank on December 1 , 1834, and the bridge was opened in January 1837. The

bridge was destroyed or damaged and rebuilt several times in the Civil War. A new bridge was

built on a new alignment in 1894 and this still serves the B&O Valley branch to Winchester,

Virginia and a spur into Harper's Ferry. (This bridge is the one on the right in the picture

above.) The 1894 alignment included a new tunnel on the Maryland bank to avoid sharp curves

along the bluff. In 1931 a new main line bridge was built on an improved alignment and the

tunnel was enlarged, creating the scene much as it is today. The picture above shows a

westbound freight coming out of the tunnel in Maryland across the 1931 bridge into Harper's

Ferry, West Virginia, September 26, 1981.
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A view from the top of the bluffs in Maryland looking south towards Harpers Ferry. Main

line is at right. Valley branch at left. May 10, 1981.

Chessie steam "Safety Express" crosses the 1931 bridge westbound September 26. 1981.

Highway which used to use right side of 1894 valley branch bridge (right side of picture) has

been abandoned.
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An eastbound freight crosses the Potomac on the 1931 main line bridge December 1979.

Westbound coal train heads into Harper's Ferry station as viewed from top of bluffs on

Maryland side. May 10, 1981.



CORROSION OF BRIDGE DECK PLATES BY BRINE
(Final Report after Fifteen Years of Exposure)

by J. Kobrinetz* and D. H. Stone**

EXECUTIVE SUMMARY

The plates which form the metal trough on ballast deck bridges were subjected to severe

corrosion by brine from regrigerator cars. Many metals are available for this use, but reliable

data on corrosion resistance are not readily available. Hence the AAR began an investigation

in 1958 to obtain such data.

The present report summarizes the results of fifteen years' exposure on the Huey Long

Bridge at New Orleans, Louisiana. The subject was discussed in two previous reports: ER-40,

which reported on the condition of metals exposed for five years at the AAR Technical Center

in specially made ballast boxes treated with brine, and on the deck of the Huey Long Bridge;

also in ER-83, which reported on the condition of the test metals after ten years" exposure.

At that time only the aluminum alloy 6061-T6, and stainless steel AISI Type 316 displayed

significant corrosion resistance. The average weight loss for the other test metals was about

fifty percent.

After fifteen years' exposure, only the molybdenum-bearing stainless steel, AISI Type

316 showed significant corrosion resistance.

INTRODUCTION

Two locations were selected to carry out the corrosion tests: one was at the AAR
Technical Center in Chicago, the other on the Huey Long Bridge at New Orleans, Louisiana.

Figure 1 shows the general layout of the test set-up on the Bridge, with corrosion specimens

attached to the bridge timbers. Figure 2 shows the location of plates on the bridge, and details

of the specimen configuration. Under the plan of investigation plates of series 3 and 5 were

removed after 5 years' exposure; plates of series 2 and 4 were removed after 10 years'

exposure; and plates of series 1 and 6 were removed for final examination after 15 years.

This report concludes the project with final conclusions formed after 5, 10, and 15-year

evaluations.

The following metals were evaluated:

1. Steel, ASTM A7 (with copper)

2. Steel, ASTM A7 (without copper)

3. Steel, ASTM A242 (high-strength, low-alloy structural steel from Fabricator "A").

4. Steel, ASTM A242 (high-strength, low-alloy structural steel from Fabricator "B").

5. Steel, ASTM 373 (structural steel for welding)

6. Steel, AREA (mentioned in Table 1-Chemical composition of plates, AAR Research

& Test Department Report ER-40, Jan. 1964, "Corrosion of Deck Plates after five year

exposure.")

7. Steel, manganese-vanadium alloy

'Assistant, Research & Test Dept.. AAR
"Director—Metallurgy Division. Research & Test Dept., AAR

Note: With the new generation of refrigeration cars, brine is not the problem it used to be. Brine is still trapped through

in the ballast and is evident along the coast where there are salt water spray conditions.
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FIGURE 1

View of one set of specimens attached to longitudinal timber
on Huey Long Bridge.
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Corrosion of Bridge Deck Plates By Brine 399

8. Wrought iron

9. Ingot iron

10. Stainless steel, AISI Type 316

11. Aluminum alloy 6061-T6

12. Aluminum alloy 2014-T6, Alclad.

Plates 12 in. by 12 in. for the AAR test plot, and plates 7 in. by 10 in. for the Muey Long
Bridge were obtained in whatever thicknesses were readily available when the program was
started.

Plates were furnished by the following companies:

Aluminum Company of America

Armco Steel Corporation

Bethlehem Steel Company
A. M. Byers Company
United States Steel Corporation

The chemical composition of the metals is given in Table I.

Conduct of the Inspection

After nineteen months exposure on the Huey Long Bridge, some of the plates were

removed for preliminary inspection and weighing. Special care was taken not to remove rust

blisters or tight scale. The plates were weighed and most were found to be heavier than when
originally installed, indicating that rust, scale, and moisture had accumulated. The weights

were not reported.

Following this preliminary inspection, the plates were left undisturbed on the bridge for

the five, ten, and fifteen year periods.

Beyond five years' exposure, all plates except the stainless steel and the two aluminum
alloys were corroded so that their identifying punch marks were no longer visible. However,

plates were identifiable by reference to their locations on the bridge.

As was the practice at the five and ten year exposure test periods, the plates in their

respective test series were removed from the bridge site and returned to the AAR Laboratory

for further examination, cleaning, and evaluation.

All plates except those of aluminum alloys and stainless steel were cleaned by first wire

brushing to remove loose material and then by use of a pneumatic needle to remove all scale

down to solid metal. All of the plates had heavy loose scale.

The needle gun consists essentially of a piston which strikes a group of 28 hardened steel

needles. The needles are about '/x-in. in diameter and are sharpened to a chisel edge. Ihey

impinge against the surface independently of one another so that pits, depressions, and the

general contour of the specimen's surface are preserved. Cleaning was stopped when all scale

had been removed and only a discoloration remained. This method of cleaning was selected

in preference to sand blasting or chemical pickling to prevent the possibility of removing bare

metal. The needle gun was loaned to the AAR through the courtesy of the Bridge Department

of the Illinois Central Railroad.

The stainless steel plates (which had only a dark film on the surface) and the aluminum

plates (which had a white film) were cleaned with a wire brush.

Immediately following the cleaning, the plates were weighed. To verify the scale readings
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Corrosion of Bridge Deck Plates By Brine 401

a 12 in. by 12 in. steel plate was maintained as a standard kept wrapped in dry storage during

the test period and re-weighed with corrosion specimens.

Results of the Tests

The results of fifteen years' exposure are given in Table II and in Figures 16 through 24

in terms of weight loss.

Figure 3 shows all specimens on one sheet for comparison purposes.

Figures 4 through 15 show the specimen in their original condition and after 10 and 15

years' exposure.

The Type 316 stainless steel showed no change in weight in fifteen years, but darkened

somewhat. The complex aluminum alloy 6061 also lost no weight, but showed a whitish tarnish

film. The clad aluminum-copper alloy 2014 showed negligible weight loss, but showed ex-

foliation and edge-cracking owing to the core material corroding preferentially to the high-

purity cladding material.

The other materials showed weight losses varying from about 45 percent for the

manganese-vanadium steel to around 85 percent for the ingot iron.

As it was impossible to procure test materials all in the same thickness, the data in Table

II have been adjusted to put all metals on a comparable footing. The gage of plates actually

used was ¥» in., V2 in. or yio in. The actual weights of specimens were re-calculated to give

equivalent weights of V\b in. thicknesses in each case. This was done by multiplying the actual

original weight by the factor,

yi6

nominal original thickness, in.

The weight loss was adjusted by multiplying by the factor,

surface area of a "/if. in. plate

surface area of a plate other than Vih in.

These calculations were not made for the stainless steel and aluminum alloy plates, for

which the weight losses were negligible.

An inspection of the weight records shows that the metals other than the stainless steel

and aluminum alloys lost about a third of their weight in five years and about half (45 to 60

percent) in ten years. Between the tenth and fifteenth years of exposure the non-stainless

ferrous metals continued to corrode. The rate for ingot iron was high, the final weight loss

being 86 percent in 15 years. The rate for the manganese-vanadium steel was unaccountably

low, only 45 percent. This was surprising in a steel which contained 0.32 percent copper hut

nothing else to enhance its corrosion resistance. The other steels lost from half to two-thirds

of their weight. None of the steels, except the stainless steel, was sufficiently resistant to

corrosion as to offer any prospect of providing a solution to the problem of brine corrosion.

All specimens except the stainless steel showed edge corrosion, as well as loss of thick-

ness. The loss in thickness was evaluated by drawing a sketch of the 10 in. by 7 in. specimens

divided into 15 rectangles, each 2 in. by 2'/i in. The thickness of each rectangle was calipered

and the range of thickness remaining was determined. In many cases, corrosion was so far

advanced that the rectangles could not be cleaned with the needle gun without breaking off

sound metal. Those rectangles were not measured. Table III gives the thickness data. In

tabulating the loss of thickness, edge corrosion was ignored. All specimens except the stainless

steel corroded at the edges and the specimens were reduced in area, so that the thickness at

the location of the original edge was zero. Two specimens (Nos. 5-6, high-strength low-alloy

steel from Fabricator "A" and 13-6, ingot iron) showed loss of thickness as high as RK) percent,

i.e., the specimens were perforated.



402 Bulletin 686—American Railway Engineering Association



Corrosion oj Bridge Deck Plates By Brine 403

1W'^"' g'*

1
M

ar

7^'-V^.

0)

D»
•O
•H
l4

ea

c
o
hJ

>1
<u

3
K
C
o

<u

u
3
(0

o
a
X
(U

(U

c
0)

(U

0)

Ul

c
0)

E
•H
o
a>

a
in

c
oH
in

O
U
u
o



404 Bulletin 686—American Railway Engineering Association

•^ -A a
3
c

c
o

0)

•o
•H

«

c
o

3

c
o

(Li

1h

3
in

O
a
X
o

c

b. i-i

0)
4J

B
(U

E
•H
o
(U

a
in

c
o
•H
w
o
1-1

o
u



Corrosion of Bridge Deck Plates By Brine 405

.^ffs^y^"''^

T3
(U

C
•H
4J

C
o
u

u
o

c
o

>•
<J

3
X
C
o

3
V>

o
D.
X
(U

U)

u
10

>1

c
o

l4

HI

in

c
<u

BH
(J

(U

a
w

c
o
•H
lA

o

u
O
U



406 Bulletin 686—American Railway Engineering Association

'^sSHKifTKiS^ -.t**"-??!

\HGOJ IRON

SET-

1

*^hNGOT IRON

FIGURE 4

Ingot iron. Upper photo shows original specimen
at right, and specimen after 10 years' exposure
at left. Lower photo shows condition after 15

years' exposure.
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STAINLESS 5TEEL
»316

SET- 1
\

^- STAINLESS

FIGURE 5

AISI Type 316 stainless steel. Upper photo shows
original specimen at right, and specimen after 10

years' exposure at left. Lower photo shows condition
after 15 years' exposure.



408 Bulletin 686—American Railway Engineering Association

It was of interest that the plain carbon steels (ASTM 47, with and without copper; ASTM
A373; and the AREA steel) performed better than the more highly alloyed materials. An
exception to this was the ingot iron. This commercially pure iron was the most heavily

corroded of all specimens, particularly the specimen located on the curve (Specimen 13-6),

which was reduced to a fragment with maximum thickness of 0.015 in. The structural steel with

copper was superior to its counterpart without copper, but the high-strength low-alloy steels

(ASTM A242 steels from Fabricators "A" and "B") were notably worse than the non-alloyed

steels. The high-strength low-alloy steel from Fabricator "A" was especially poor—it was the

only material besides the ingot iron to become perforated.

All of the steels performed much worse in the No. 6 location than in the No. 1. The reason

is that the No. 6 specimens were located on the inside or low side of a curve, while the No.

1 specimens were on tangent track. The leaning of the cars on the curve would cause them to

discharge greater quantities of brine and produce more corrosion.

Table IV summarizes the weight losses at the 5, 10, and 15 year inspections.

Figures 25 and 26 are typical sketches of specimens with maximum thickness mea-

surements at the conclusion of the test.

CONCLUSIONS

Of the metals tested only the stainless steel, AISI Type 316, and the aluminum alloy 6061

were substantially free of corrosion throughout the test. They suffered no loss in weight, and

showed only a superficial tarnish. The Alclad aluminum alloy 2014 showed no significant

weight loss, but the core component corroded at the exposed edges and caused the specimens

to swell and exfoliate.

All other metals showed substantial corrosion and loss of weight and thickness at the first

inspection after five years' exposure and continued to corrode throughout the test. At the final

inspection after fifteen years, weight losses varied from 45 percent for the manganese-

vanadium steel to 86 percent for the ingot iron. Common structural steel meeting the require-

ments of ASTM Specification A-7 lost a little over 50 percent of its weight, and the same steel

with 0.25 percent copper added was no better.

The results of the tests point up the considerable difference in corrosion by weathering

and by exposure to brine. Copper-bearing steels, and low-alloy, high-strength steels of the

types furnished by Fabricators "A" and "B", are well known to be more resistant to weath-

ering than common structural steels. This has been shown by many tests in both rural and

industrial atmospheres, and by many years of service experience. The situation in brine

corrosion is quite different. The additional of 0.25 percent of copper was not helpful, nor was

the addition of chromium and nickel, as in the two high-strength low-allow steels. Judging by

weight losses, the manganese-vanadium steel was a little superior to the others. There appears

to be no logical explanation for this, as the alloy content of this steel is not sufficient to enhance

its corrosion resistance. There is reason to suspect that testing of additional heats of

manganese-vanadium steel would show it to be no better than common structural steel.

The variation in weight losses of the ferrous metals was not sufficient to lead to any

conclusions, except that the purer metals, ingot iron and wrought iron, were more heavily

attached than the others.

It is recommended by the authors, that railroad bridge decks subjected to brine be made

of the cheapest structural steel that has the strength required by the design. Of the metals

tested, first choice would be ASTM A7 steel. However, it should be pointed out that A7 is an

old specification written in the days when bridges were fabricated by bolting and riveting. The

specification had no upper limit on carbon content and was unsuitable for welded construction.
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FIGURE 6

Manganese-Vanadium steel. Upper photo shows
original specimen at right and specimen after
10 years' exposure at left. Lower photo shows
condition after 15 years' exposure.
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FIGURE 7

Wrought iron. Upper photo shows original
specimen at right, and specimen after 10
years' exposure at left. Lower photo
shows condition after 15 years' exposure.
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2014 -T6 AUCLAD
ALUMINUM

1

SET-I
fiS 20I4-T6-

ALUM.

FIGURE 8

\
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Aluminum Alloy 2014-T6, Alclad. Upper photo
shows original specimen at right, and speci-
men after 10 years, exposure at left. Lower
photo shows condition after 15 years' expo-
sure.
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6061 -T 6
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FIGURE 9

Aluminum alloy 6061-T6. Upper photo shows original
specimen at right and specimen after 10 years' expo-
sure at left. Lower photo shows condition after 15
years' exposure.
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A 242 STEE.L
(from fab. "B")
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FABRICATOR^

FIGURE 10

ASTM A242 steel from Fabricator "B". Upper photo
shows original specimen at right, and specimen
after 10 years* exposure. Lower photo shows con-
dition after 15 years' exposure.
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FIGURE 11

ASTM A3 73 steel. Upper photo shows original
specimen at right, and specimen after 10 years
exposure at left. Lower photo shows specimen
after 15 years' exposure.
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(PLAIN)
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FIGURE 12

ASTM A7 steel. Upper photo shows original specimen

at right, and specimen after 10 years' exposure at

left. Lower photo shows specimen after 15 years'

exposure.
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A 242 STEEL
(FROM FAB. "A")
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FIGURE 13

ASTM A242 steel from Fabricator "A". Upper photo
shows original specimen at right, and specimen
after 10 years' exposure at left. Lower photo
shows condition after 15 years' exposure.
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AREA STE.LL

SET-I

AREA

FIGURE 14

AREA steel. Upper photo shows original specJLmen at
right, and specimen after 10 years' exposure at left.
Lower photo shows condition after 15 years' exposure.
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A 7 STEEL
(w. COPPER)

SET-I
A7 WITH

COPPER

FIGURE 15

ASTM A7 Steel, with copper added. Upper photo shows

original specimen at right and specimen after 10 year

exposure at left. Lower photo shows condition after

15 years' exposure.
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Ingot Iron
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5 yrs. 10 15

Figure 24. Weight loss vs. time, Ingot Iron,
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In order to assure themselves of adequate weldability in steel for bridges, railroads should

specify a steel with controlled carbon content, conforming tt) Chapter 15, Article 1.2.1 or

2.2.1.

Brine is a severe corroding agent, and no economically available steel has any advantage

over others in resisiting brine corrosion.
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DEVELOPMENT OF AN IMPROVED
VEHICULAR LOADING CHARACTERIZATION,
ASSOCIATED WITH THE GAGE STRENGTH

OF TRACK
by W. P. Manos*, J. F. Scott**, J. Choros***, and A. M. Zarembski****

EXECUTIVE SUMMARY

This report describes the development and application of a simpHfied technique for

presenting vehicular loading information in a consistent and uniform manner. The load data,

both lateral (L) and vertical (V), is used to develop a "loading severity" value (S), with which

the level of loading can be equated with the associated level of damage to the track, as defined

by a given rail head deflection. Specifically, it addresses the gage retaining strength of the track

structure, in general, and the tie-fastener-rail system, in particular. This is done by means of

a linear relationship: S = L - |xV, where |x is the effective friction coefficient between the rail

and the tie.

Data were taken from five sets of field and laboratory tests of track gage widening, used

to validate this relationship and to determine the effective friction coefficient for conventional

track. The linear relationship between lateral (L) and vertical (V) loads indicates that the

equation shown above is a good approximation to the equivalent levels of loading. Exam-
ination of the test data and analysis of the effective friction for the numerous individual tests

in the five series shows a normal effective friction distribution, with a mean value of 0.4 and

a standard deviation of 0.1.
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I.O INTRODUCTION

The capability of matching train behavior with the capacity or strength of the track has

up until recently been based upon the subjective judgment of both rolling stock designers and

track engineers. Recently, significant amounts of information have been obtained on both the

loads that trains and individual cars apply to the track and on the load-carrying capacity of the

track structure. However, the data has usually been presented in such a broad range of formats

that comparisons of the applied loads with the track's ability to resist these loads has been

extremely difficult, if not impossible.

Recent studies on the effect of loads on the gage widening behavior of track have provided

much information about this critical form of track behavior. However, since the track's

behavior is dependent upon both the lateral and vertical loads, and their ratio, there appeared

to be an infinite number of load combinations which would cause identical gage widening

'Consultant. Research & Test Dept., Association of American Railroads

"Research Engineer, Canadian National Research

"•Research Engineer, Research & Test Dept.. Association of American Railroads

""Present Position: Director of Research & Development. Pandrol. Inc. Position when paper was written: Manager. Track

Research. Association of American Railroads
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behavior for track of given strength. If these infinite series of lateral ( L) and vertical (V) load

combinations could be equated to a single variable, a "track loading severity" value, then the

confusion caused by use of the three variables, L, V and L/V, would be eliminated.

This report presents the derivation and use of a simplified linear relationship that was
developed under the Track Strength Characterization Program. Data were taken from five

different sets of field tests, in which the strength of the track structure was measured by the

displacement of a rail head under various combinations of lateral and vertical loads. These

data were used to develop and validate the postulated "track loading severity" relationship,

which in turn permits a more effective presentation of track strength data, in a format which

permits better correlation with the corresponding vehicular loading information.

2.0 ANALYSIS

In order to develop a relationship between the loads applied to a track structure and the

corresponding gage widening behavior, the transmission of the applied vertical and lateral

loads from the rail head to the ties was examined. This can be seen in the free body diagram

of a rail, shown in Figure 1.

The following assumptions are made:

(1) The rail weight is negligible, when compared to the vertical and lateral applied forces,

(2) Coulomb friction exists between the rail, tie plates and ties, and

(3) The rail length is long enough to dissipate the lateral and vertical shear reactions, as

well as the bending moments and torsional reactions.

The sum of the forces in the vertical (y) direction gives:
n

In, = n = v (1)

where:

N = Sum of the normal forces from all of the associated tie plates, and

V = Applied vertical force at the rail head.

Summing the forces in the lateral (x) direction gives:
n n

XSi + 2ji,N, - L = (2)

i-l i-I

where:

S, = Rail-fastener lateral force developed at the i'*" tie plate (See Figure 1),

Ni = Normal vertical force at the i"" tie plate, and

\jl, = Friction coefficient between the i"" tie and the rail.

Using the following definitions:

S = SS, and p. = j^Xm-.N, (3)

then substituting Equations (1) and (3) into (2) gives:

L = S + jiV (4)

where:

H = Effective friction coefficient between the rail, tie plates and ties.

Equation (4) can also be written as:

S = L - jxV
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where: S is a direct measure of the loading of the rail-fastener system,* i.e. , a fastener loading

severity value.

3.0 TEST DATA

In order to validate the relationship developed in the previous Section, test data from five

different gage widening tests were analyzed. These tests involved the application of combined

lateral and vertical loads, and measurements of the corresponding lateral movements of the

rail head.

The tests examined were:

1. Main line gage widening tests on Southern Railways [1],*

2. Static and dynamic gage widening tests at the Transportation Test Center [2],

3. Secondary track gage widening tests on Southern Railway [3],

4. Main, secondary and yard track tests on Canadian National Railways [4], and

5. Full-scale laboratory tests of track gage widening at the AAR's Track Laboratory [5].

Data were also taken from full-scale laboratory tests of lateral track shift [6] and analyzed.

In these tests, the gage was mechanically prevented from widening and consequently the track

displaced laterally.

In all of the above tests, both the vertical and lateral loads were varied, so as to apply

different load combinations to the track, and the corresponding lateral rail head displacements

were measured. In order to reduce these data, the load levels that produced equivalent lateral

railhead deflections were plotted, as shown in Figure 2. In all cases, the lateral-vertical load

relationship that resulted in constant railhead deflection was a straight line. Thus, it could be

concluded that all of the load combinations that produced the same amount of railhead

deflection were of equivalent severity. Making use of the linear relationship: L = S + (iV or

S = L - (J.V, a track loading severity value could then be obtained.

4.0 RESULTS

The test data from both the laboratory and field tests were plotted in the format shown

in Figure 2, with each curve representing a line of constant rail head deflection. Thus, each

lateral and vertical load combination produced an equivalent amount of rail head deflection

and an equivalent amount of track "damage." As can be seen from Figure 2 and the data

curves in Appendix A, this lateral-vertical load relationship for constant railhead deflection

is a straight line, the slope of which is the effective friction coefficient, \l, between the rail and

the associated tie plates and ties. The intercept on the vertical axis (Figure 2) is the lateral force

resisted by the rail-fastener system in the absence of any applied vertical load.

The linear relationship also appears to apply when the lateral forces are plotted against

the vertical forces, at constant rail base deflection, as shown in Figure 3. This is to be expected,

since the rail head merely amplifies the corresponding motion of the base through rotation or

twist.

Data from Reference 6, which was developed from the AAR's lateral track shift tests,

were also plotted in the same way. These plots are shown in Figure 4. These relationships are

also linear, but the effective friction coefficients, |x', are higher than those measured in the

'The general relationship also appears to hold for the tie-ballast system: S' = L-(jl'V

where: S' is the tic-ballast loading severity value and |x' is the effective friction coefficient between the ties and the ballast.

•The numbers in square brackets
[]

pertain to the references, listed in Section 8.0 of this report.
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Figure 1. Free Body Diagram of a Rail.

AfPLIED VERTICAL LOAD , KIPS

Figure 2. Applied Lateral vs. Applied Vertical Loads, for Constant Railhead Deflection
(A) . Data From the Southern Railway Tests at Charlottesville Va.
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various gage widening tests. This indicates that gage widening would occur before the lateral

movement of a conventional wood cross tie track.

Percentage distribution curves for the effective friction coefficients are shown in Figures

5 through 9. Figure 5, which shows the distribution of the data from the AAR's Track

Laboratory tests [5] indicates a double peak, with a mean value of 0.31 and a standard

deviation of 0. 12. Figure 6 shows the distribution of all of the other test data, exclusive of the

Track Laboratory tests. The mean value is 0.39 and the standard deviation is 0.13. The

distribution from all of the test data is shown in Figure 7 which shows a mean value of

approximately 0.4. However, these data include friction values derived from low levels of

lateral force (which were probably insufficient to develop full friction), as well as friction

values from the track shift tests. Removal of these data from the distribution gives the plot

shown in Figure 8, which shows a mean value of 0.40 and a standard deviation of 0.10. Note

that over 41% of the effective friction values were between 0.35 and 0.45 and 67.6% were

between 0.3 and 0.5.

The distribution for values of effective friction coefficient, exclusive oftheCN data. Track

Shift Test data and low values of p. (from the very low rail deflection curves) is shown in Figure

9. The mean value of effective friction coefficient for these data is 0.40, with a standard

deviation of 0.096. This curve shows that 75.4% of the friction values occurred between 0.3

and 0.5.

5.0 DISCUSSION OF RESULTS

The test data examined in this report show a high degree of linearity when lateral vs.

vertical load curves are plotted, for given values of rail head deflection. However, a consid-

erable amount of dispersion was present in the applied lateral load curves for no applied

vertical load. Since these points did not involve development of friction forces, they were

excluded from the final plots.

Although the track shift data showed the same linearity information, it was removed from

the final distribufion curve because it did not measure the effective friction between the rail

and the ties, but rather was a measure of the friction between the ties and the ballast.

The friction coefficients obtained from the CN Data [4] were much higher than those

obtained from the AAR and other tests. In the CN tests, the rails were jacked apart directly

under the axles of loaded cars, and thus frictional forces were also developed at the wheel/rail

interface points. To determine the effective friction coefficient values on the same basis with

the other test data, the CN values were divided by two (an estimate only).

The low value of effective friction coefficient, e.g., (those less than 0.2), were discarded

from the final distribution curve, because the lateral forces were insufficient to overcome static

friction.

The data from all of the references cited in this report were reduced by plotting L versus

V graphs for given values of lateral rail head deflections. Some curves of L versus V were also

plotted, using given values of rail base deflections.

From the various curves of L versus V (see the Appendix), a best straight line fit produced

values of jx<.ff and S, using Equation 4. A summary of the ^jl^,, values of these curves is shown

in Figure 9.

6.0 CONCLUSIONS

1 . Measured track strength and loading data have demonstrated that a linear relationship
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exists between the lateral and vertical loads applied to the rail head, for any given rail head

lateral deflection. The data fits the equation:

L = S + fiV

2. On a plot of lateral load, L, versus vertical load, V, the force, S, applied to the rail

fastening system (the force which causes track gage deterioration) is the intercept on the L

axis, while the slope of the line is the effective friction, fx, between the rail, tie plates and ties.

3. A realistic value for effective friction coefficient is ^i = 0.4, with a standard deviation

CT = 0.1 (for the limited amount of data analyzed in this report, the effective friction between

rail and ties fell in the range of 0.3 to 0.5, 75% of the time).

4. With the equation: S = L - fiV established and validated, it becomes a powerful tool

for equating lateral and vertical wheel-rail loads, in terms of the net lateral force applied to

the rail fastening system (See Table 1). All of the lateral and vertical wheel/rail loading

combinations shown in Table 1 have developed the same lateral rail head deflection, and,

therefore, the same net lateral force on the rail fastening system. They are, therefore, of

equivalent severity, as far as track gage widening is concerned.

5. Being able to correlate the three variables: L, V and L/V in terms of one variable, S,

which is directly related to the gage strength of the track, is considered to be breakthrough

for characterization of the entire vehicle loading/track strength regime in North America.

6. It is clear from Table 1 that lateral loading by itself is a poor indicator of track loading

severity, because lateral loads ranging from 11 to 27 kips produced the same loading on the

rail fastening system. The LA^ ratio by itself is also a poor indicator, because it ranged from

0.6 to 2.2 for the same net result. It should be noted that the L/V ratio is useful for evaluation

of wheel climbing tendencies, but has limited value for the evaluation of track gage strength.

TABLE 1.

Calculated Fastener Loading Severity Values, for an Assumed Value of Effective Friction

Coefficient and Various Combinations of Applied Lateral and Vertical Loads.

For ^i = 0.4 (assumed value), S = L - 0.4V

Lateral
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7.0 RECOMMENDATIONS

The simplified method described herein can be used to compare future track test informa-

tion. The effective value of p. = 0.4, with a standard deviation of 0. 1 , can be used to determine

track conditions from information obtained from track strength investigations. This technique

could be verified and updated as new information is gathered.

1

.

For correlations of vehicle loading with track gage strength, the equation: S = L - jiV

should be used to define loading in terms of one "loading severity" variable S, i.e., the

resultant lateral force which must be resisted by the rail fastening system, instead of the two

variables, L and V, which have been used in the past.

2. While data in this report has indicated an effective friction value of 0.4 is most

appropriate, it seems prudent, in view of the scatter encountered, to analyze wheel loadings

in terms of a range of friction values, such as:

S = L-0.2V
S = L-0.3V
S = L-0.4V
S = L-0.5V

In this manner, data that is analyzed now may be interpolated at any time in the future, to

reflect possible changes in the most appropriate value of friction.

3. Data from previous loading measurement tests (which have been preserved on tape)

should be re-analyzed, in order to develop histograms or cumulative probability curves of S.
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Vertical Loads. AAR's Track Laboratory Gage
Widening Tests.







TT

asteners wouldn't work
k...but new TRAK-L0Kwitt7

"With ionger traina, increased
denait};, higher tonnage andfaater
apeeda, my track ia taking a heating.

I need a good directfixation

faatening avatent.**

regular fasteners just aren't designed for wood ties. Trak-Lok

is. Other fasteners won't fit my budget. Trak-Lpk does. It welds

right onto my standard high and low carbon tie plates in seconds

. . . don't have to buy new plates. And Trak-Lok goes on fast, I

don't have to worry about disassembling the track ... or about

scheduling. That saves me a fortune in crew time . . .
particularly

in overtime. I don't even have to remove spikes or worry about

anchors. And it works. My tests show it'll give me 25% more clamp

force than the leading competitive system. And, when it comes to

transposing or replacing rail, my maintenance crew can get in and

out in a fraction of the time . . . without dLstLUtJina traffic."

T^^nmc^S^r^MW^LOi

CALL (609) 424-1718

TRAK-LOK
OMARKmousTmcsQ

OMARK TRAK-LOK " RAILWAY FASTENERS
2091 Spnngdale Rd . Cherry Hill. N J 08003

I would like to see samples and literature of the new
Omark Trak-Lok ' Railway Fastening System variations

NAME

TITLE

COMPANY

.

ADDRESS

.

_2IP.

TELEPHONE I
EXT



•-»- 3-«»«;-*»-<
Tt^nf^.**^""

No derailments or maintenance crews creating traffic proble^sF \
.at^tlpj^jaiiroad crossing! -

^^
* *«^ i»

I Ad^d streg^thjoijhe integrity

ibQ-sl'ip epoxy

BMxdmsbMM

fr

Locomotives
& Freight Cars

• Sale • Lease
• Serviceable Parts

• Contract Repairs

=^

Rail
Relay Accessories

NAPORANO
RAILROAD DIVISION*

P.O. Box 5304 • Newark, N.|. 07105 • In N.). 201-344-4570

Telex 138411 'Toll Free No. 800-631-4479

W^ js:

"PRIDE IN PERFORMANCE"^*'



safety - durability - economy

NABLA-
FORTAX

nStin^ ,

^'""^^^ '°' '^* "^'^ "^^^ ''*9'' ^P®«^ ""« «"<^ '0^ "s whole network, as well as by

^n£St:^Tl'^.^^"''^''^r^ °* ^' ^""^^ °' ^''P^"^"^^ ^"-^ 500 mNllon elastic fasten^snSOcountnes. Specially developped tor continuous welded rail on wood, concrete or metal ties

STEOEF 117 bur««ux Ot la Collin* - 92213 SAINT-CLOUD CEDEX
\ Fr«nc« - T*l. (1 ) 602.70.85 - Tx : 200 8S8 F

STEDEF INC. 7657 UMburg PIk* Ty»on» OI«c« Par* 14
FALLS CHURCH VA. 22043 U.S.a" Trt. (703) 790-»m - tV: 901 124



Another PLASSER Cost-Cutter
It's the Plasser Ballast Compactor PBC-800. Giving

you the instant track stability following out-of-face

operations.

f A Outside crib units compact ballast in adja-

'J^, cent cribs while vibrating plate compacts
ballast at tie ends.

Here's how the PBC 800 operates: Compacting units work in two adjacent cribs

simultaneously. Four units work in each crib, one inside and one outside each rail.

They apply a combination of pressure and vibration. Compaction of the ballast at

the tie ends is achieved by a vibrating blade 8 inches wide and more than 7 feet

long, which overlaps in successive positions, resulting in continuous compaction.

A static-loaded, non-vibrating shoulder blade retains ballast in the shoulder area.

The PBC is fully hydraulic, is one-man operated and works at high speed.

Plasser American
2001 MYEPS ROAD, CHESAPEAKE, VIRGINIA 23324, (804) 543-3526

CORPORATION



New Insulated Gauge Rods
(PATENT PENDING)

(Models #334 & 734 below)

Stronger, yet less conductive.

Insulating joint stronger than steel.

Insulating components cannot deterioriate.

10 times insulating capacity of other models.

Universal — one size fits all sections.

Universal Non-Insulated Gauge Rods
(Models #3364 & 6473 above)

* Offer the most competitive pricing.

* Meet or exceed all RR requirements.
* Uniquely "forged 'J' bend" insures

maximum strength

* Quantity discounts available

on all models.'
6202 RAILROAD AVE. OMAHA. NEBR. 68107

CALL TOLL FREE 800-228-9 1 1 2

Comet Journal Bearing Lubricator
(RR #120 shown below)

The most efficient & economical Journal
Bearing Lubricator available.

Delivers grease in cold weather.

Sizes available to fit all refinery pails

or drums.

32 by 1 ounce
meter

Unconditionally

guaranteed

Portable

High pressure

Balanced action

Vacuum loaded

No Priming

EQUIPMENT
COMPANY, INC.

ESCO
Rail Saws — Drills — Abrasive Saws
Anchor Applicators — Trak-Skans

Boutet — Field Welds

Grinding Wheels — Cut-Off Wheels

Yard Cleaners — Switch Undercutters

Tie Destroyer — Welded Rail Trains

Track Patrols — Portable Ramps
Tie Unloaders — Tower Cars

Hydraulic Testers — System Fuel Trucks

Rail Welding — Hydr. Rail Stressors

CHICAGO, IL — 312 939-0840

PHILADELPHIA, PA — 215 752-0133

ST. LOUIS, MO — 314 421-6499



Shoulder Ballast Cleaner Winch Cart

LORAM'S ALI^PRO TRACK
REHABILITATION TEAM

Loram has not only built but actually developed some
of our industry's most innovative track machinery. The
sled, plow and shoulder ballast cleaner are examples
of Loram ingenuity. They're part of a broad line of

dependable track rehabilitation equipment that

includes:

LORAM RAIL GRINDERS (24-, 36-, 72- and 88-stone
models) grind down to the rail corrugation valleys

instead of Into them, as other grinding methods do.
Loram grinders restore rail without wasting rail metal.

LORAM S DOUBLE TRACK AUTO PLOW, which
plows ballast to the field side of double-track terri-

tory, sets up faster than any competitive machine.

LORAM S SHOULDER BALLAST CLEANER has the
highest capacity of any machine on the market. It

cleans ballast from the tie end to shoulder edge while

a scarifier tooth breaks out fouled ballast. One pass
and the track is broomed and ready to use.

LORAM S AUTOSLED/PLOW, with plowing and sled-

ding components built right in, can be set up fast-
actually in about 11 minutes.

LORAM'S TIE INSERTER inserts five or more ties a

minute and can be easily adapted to tiandle concrete
ties. Design simplicity and very accessible parls make
the 1015 easy to maintain and repair

LORAM'S WINCH CART sets up solid as a rock and
has 70,000 pounds pulling power Replaces the work
locomotive and crew normally used to pull undertrack
equipment.

For purchase or lease information contact:

LORAM MAINTENANCE OF WAY. INC.

3900 Arrowhead Drive • Hamel, Minnesota 55340
(612) 478-6014 • Cable LORAM: Telex 29-0391

Nobody builds it tougher.

Or services it iietter.



JACKSON
TAMPERS

MODELS

900 6500
2400 6000
2600 7000

and Hand Tampers • Tie Inserters • Automatic Switch Tampers

JORDAN
DITCHERS

SPREADERS SNOWPLOWS
We sell, lease, rent, rebuild

JACKSON JORDAN, INC.
O.F.Jordan Division

P.O. Box 95036, 1699 East Woodfield Road • Schaumburg. IL 60195

(312) 843-3995 Cable JAKTAMP



FULL-LINE
SUPPLIER
OF RAIL SIGNALING CONTROL SYSTEMS

For more than 75 years, GRS has been a world leader in the

design and manufacture of transportation control systems --

and equipment -- for every type of railroad. Here are a few

examples:

SYSTEMS

Automatic train control

Computer-controlled cTc

and NX interlocking

Computer-controlled automatic

car classification

Automatic train operation

Coded track signal control

Rail-highway crossing warning

Cab signals/speed control

Automatic block signaling

EQUIPMENT

• Electric switch machines

• Safety relays

• Wheel presence detectors

• Car retarders

• Color - light signals

• Highway crossing flashers

• Traffic control consoles

• Rectifiers and transmitters

• Hot journal detectors

• Electric switch locks

Plus many more. For more information about how we can

help you, see your GRS sales engineer or write for Bulletin 200.

GENERAL RAILWAY SIGNAL
A UNIT OF GEraEQAL SIGNAL

ROCHESTER NEVA/ YORK 1.aSOS



Maintain trade, roadbed and control

Mfitli Evans equipment.
i^ontrol your next maintenance-of-way job with the

Evans combination—a wide range of equipment plus

lexible lease/rent terms. We offer numerous products

md services to help you complete track maintenance
ind railbed projects properly, economically and on-time.

Evans/RTW builds and sells a complete line of

jquipment, from grinders and gaugers to skeletonizers,

offering you a choice of new machinery to do your track

maintenance work right. Selective contracting services

ire also available for your major rehabilitation projects.

Equipment selection is expanded even further

hrough Evans/R & R Leasing. We offer over 500
Dieces of widely varied machinery for rental or lease,

rom short term to duration-of-job. This equipment is

nspected and maintained by Evans professionals

before placement by expenenced field engineers. In

addition, Evans/R & R Leasing sells both new and

reconditioned parts and components. We even provide

contract repair work for privately owned equipment.

And, Evans Track-Work Leasing offers a wide range

of plans for long-term equipment use and lease

packages including manual and motorized equipment

for maintenance-of-way work. The services of skilled

operators and maintenance men are also available

under lease package terms.

Meet your next track or railbed maintenance job

head-on with equipment and services from

Evans Maintenance-of-Way Operations. For more
details, contact Walter Kilrea, V. P. Marketing,

Engineered Products Division, Evans Products Co.,

2550 Golf Rd., East Tower, Rolling Meadows, IL 60008.

(312)640-7750.

m MAINTENANCE-OF-WAY OPERATIONS

GVRnsenaneeReD products Division
onoourrs ctvnpwnr / rn/v»sPon7"«T>on srsrems c inousrmoL cnoup



These heav3rwei4hts out-manenver
and out-perform all coiners

where it really counts.

In the yard. racfus for greater maneuvefabifty.

On the balance sheet. The Model 2682CH is nrxxe stable,

'.'-----I- _f~:.-'f £-. 5 LeTro stronger, more efficientand more
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B. C. HAMMOCK
CONSTRUCTION CO
RAILROAD CONTRACTORS

SPECIALISTS FOR OVER 1 5 YEARS

• New Track Construction

• Repairing Old Tracks

• GeneralMaintenance

• Site Preparation & Excavation

P.O. Box 577

Gray, GA 31 032

Phone: 743-0470



yai/immt
RAILWAY MOTOR CARS

AND WORK EQUIPMENT

^^^^B



LOCOMOTIVE CRANES

and
MAINTENANCE-OF-WAY
ACCESSORIES

• Panel Track Lifters

• Multi-rail Lifters

• Rail Threaders—CWR or Jointed

• Rail Tongs
• Ditching and Brush Cutting

Equipment
• Modernization and OSHA
Equipment Kits

BURRO
BURRO CRANE INC.
1300 S. Kilbourn Ave. Chicago,

312/521-9200

60623

CONSTRUCTION
EQUIPMENT

• Hi-Rail Telescoping

Boom-Type Excavators

• Hydraulic Excavator

—

Tractor-Type Crawler

• Hydraulic 40 & 55 Ton

Self-propelled Cranes

ii

f, ^-^RIsL
CONSTRUCTION EQUIPMENT CO.

DIVISION OF BURRO BADGER CORP

1300 S. Kilbourn Ave Chicago. Ill 60623

312/521-9200

ivl^'

'^ .i.»

®
NEW HY-RAIL

SA/oSP£fi
New and more versatile

Get better inspection and maintenance with the

HY-RAIL SNOOPER. Hy-rail wheels allow

controlled movement and complete coverage.

2x4 foot platform, with controls, enable the

operator to position and work as far as 25 feet

below deck.

rftmpfsny

27\f\ & Martha Streets • Omaha. Nebraska 68'05
For full details call or write Mr C H Petersen

(402) 345-6767

XT isirfiL



Hieworld^s most
advanced rail.

Fromthe world's
mostadvanced
railmill...



Wheeling-Pittsburgh's new
Universal rail mill-now
open and rolling!

It took the world's best available technology

to make better rail for you to run on.

Wheeling-Pittsburgh's un/que universal mills

mean higher quality . . . more consistency . .

.

and better productivity. 400,000 tons a year

in fact. It's the only U.S.-made rail of its kind-

from the only U.S. rail mill of its kind. Best

of all, you don't pay anything extra for the

better quality. So don't delay. Call us at

(4 1 2) 288-3620 and get your schedule roll-

ing on our schedules. Wheeling-Pittsburgh

Steel Corporation, Four Gateway Center

Pittsburgh, PA 15222.

ii^WheelingW Pitfcsbupsii
STEEL CORPORATION



the solution
toa rotten

TM

"Add years to the life of your
ties and timbers for a fraction of

their replacement cost."

Would you pay a fraction of replacement costs to extend the

life of your timbers and ties? With replacement costs increas-

ing annually, Tie-Gard^" is the answer. Tie-Gard^" is the

clean way to treat, in-place. No spray — just insert Tie-Gard^"

cartridges into the unused spike holes or treatment holes

bored in critical stress areas. Tie-Gard^" preservatives are

absorbed into wood by osmotic action, spreading fungus

protection quickly and effectively.

FOR FREE SAMPLE OF
PRODUCT AND ADDITIONAL INFORMATION,

CALL TOLL FREE 1-800-356-5952

4546 Tompkins Drive

Madison, Wisconsin 53716
Phone 608-221-2292



Installation of the True Temper oil containment system requires
minimum labor and no special equipment.

TrueTemper
has an oil

containment
system
that saves
you money!

NEW CONCRETE

•OPTIONAL

TRUE TEX IT-10

TRUE TEX MG FABRIC SAND BARRIER

TRUE TEX MG-100 DRAIN PIPE WRAP'

6- ID PERFORATED PVC DRAIN PIPE'
RECOVERY PIPE

If oil containment is a problem for you, we have the
lution...the oil containment system from True Temper.
The True Temper oil containment system is not only
,sy to install, but cost effective as well. And with today's
iraling fuel costs, the system allows you to recover oil

at might otherwise be lost.

The capacity of a standard True Temper oil containment
stem is approximately 10,000 gallons. ..that's about six

nes more than other systems. In addition, the surface
covery area is alomst double that of other systems,
id unlike the others, the True Temper oil containment
stem can handle major spills and permits standard
ick maintenance without disturbing the system.
The True Temper oil containment system features a
p layer of a needle-punched polyester True TexiM engi-
ering fabric to prevent sand from fouling the system
pie permitting spilled diesel oil to enter it. The entire

ntainment basin is constructed of a continuous sheet
True Temper's unique True Tex IT-10. ..a tough,

mUE lEMPER.
AILWAYAPPUANCES, INC.

impermeable, nitrile rubber impregnated
fabric designed specifically for use in oil

containment systems. The True Temper oil

containment system. ..designed and
engineered for efficient oil containment and
effective recovery.

So, if oil containment has been a problem
for you... give us a call at (216) 696-1 715

MAIL TODAY! I want to find out more about oil

containment and recovery!

D Please mail information and literature

Have a representative call and deliver a sample of IT-10

True Tempar
Railway Appliances, Inc.

320 Hanna Building, Clavoland, Ohio 44115

Name

Title,

Company

Address _

City

State. -Zip_

Telephone. AREA 680



Neoprene
Bridge Bearing
Pads

Meets A.R.E.A
specifications

Neoprene bearings
between bridge
girders, beams, and
abutments absorb
thermal expansion
and contraction
better than mechanical
assemblies.

Neoprene's resistance

to weather-aging,
compression set, oil,

and ozone insures a

long service life and
no maintenance in

this application.

Accommodates thermal
movement
Provides uniform load"

transfer

Prevents structural fatigue

from expansion-contraction
and vibration-shocl<

Available in hardness,
durometer A, grades 50, 60,

and 70

Neoprene bearing pads
withstand temperatures from
-50° to +200° F.

Durable and maintenance-free

Isolates components of

bridges, building, or structures

against vibration, noise, and
shock

Use Neoprene Bearing Pads for: Rails, Bridge spans, Approach ramps,
Eievated roads, Walk ways, Column to footing isolation.

nLC^I manufacturing and supply co.

1848 Wilmot Avenue •

Phone: (312)452-6480

Chicago, III. 60647



Appleton Takes a Long Look at Parkco

.

291 Feet Long. .

.

Running diagonally across the heavily

trafficked thoroughfare of Newberry

Street. Appleton, Wisconsin on the

C&NW track are 291 feet of smooth,

safe, reliable PARKCO rubber grade

crossing. This installation was a joint

venture, with the city furnishing the

PARKCO crossing and the C&NW
preparing the track structure and in-

stalling the PARKCO material.

"Our most important require-

ment in selecting a grade crossing

system is the virtual elimination of

maintenance problems," explained

Tom Harp. City Engineer, Depart-

ment of Public Works, Appleton.

Wisconsin "The elimination of

spikes and lag bolts in the Parkco

system did much to convince us that

we could achieve this objective."

Thomas L. Harp. P E.. City Engineer

Tom also stressed the fact that

"we were pleased with the method
and speed with which this system

went together. It took only two days

to install 291 track feet and busy

Newberry Street was again open to

traffic. We had done considerable

research to determine that, in the

long run. the Parkco system would

be more economical ... a prime

factor in our final decision because

Appleton purchased the crossing

material for the project."

Write us for more detailed in-

formation on both the Appleton in-

stallation and other locations where
there arc PARKCO crossings you
can inspect. See for yourself how a

PARKCO system can be the answer

to safe, smooth and economical

grade crossings

Transportation and Products Division

P^rk Rubber
Compciny
80 Genesee Street, Lalce Zurich, IL 60047

(312) 438-8222

CL



our specialty. .

.

effective sighs for the Railroad and
Transportation Industry . . . crossbucks,

caution, depot & station, track, targets,

caboose markers, trade mark decals,

any standards, plus caution styles

that you may be considering . . .

we can make them ALL . . . and at

sensible, economical prices!

"Service so good . . . it's Better

than having your own sign shop!"

POWER PARTS ^^i/iU^ COMPANY
I860 North Wilmot Avenue • Chicago, Illinois 60647 ^ (312) 772-4600 • TWX 910 221-5507



Serving the railroad industry

with technology you can depend on.

Call on Teleweld for field-proven

rail maintenance systems: service

and equipment.

SERVICE Rebuilding of Frogs, Crossings,
Switches • Rail End Reclamation • CWR
Joint Repair • Thermite Welding

EQUIPMENT Rail Heaters • Rail Grinders •
Power Cars • TELEFLEX Equipment Cars
•CWR Heating Cars • CWR Cooling Cars •
SONIRAIL Flaw Detectors • Power Plants
• TELEBRINELLER Hardness Testers

Call or Write for new corporate booklet, showing

capabilities and product line. Details and

specifications of any service or equipment listed

also available.

TELEWELD, INC.
Dept. 11, 416 No. Park St., Streator, IL 61364
Phone: 81 5/672-4561 TWX: 510-359-0897

NOVJ OPEN— TELEWELD FIELD SERVICE
CENTER and WELDING SCHOOL
1555 Hawthorne Lane, West Chicago. IL 60185



WORLD-CmSS
IRACKSIARS

Kershaw Ballast Regulators
. .

.
first in ballast maintenance

with railroads throughout the

world, Kershaw nnachinery

stands out because it is

designed and built tough for

long lasting dependability.

Run with the winner. Make sure

you have one of the Kershaw
stars on your team. For more
information on our complete
line of Ballast Regulators call

or write;

KERSHAW
Kershaw Manufacturing Company, Inc.

Post Office Drawer 9328
Montgomery, Alabama 36196
Telephone: 205-263-5581

Ballast Regulator 26

Ballast Regulator 46



Manufacturers
Since 1938

The Original

HI-BALL

OIL BURNING SWITCH HEATER
BURNS 4 DAYS

MISSISSIPPI SUPPLY COMPANY
20-A Railway Exchange BIdg.,

611 Olive St.

St. Louis, Missouri 63101

Phone: Area Code 314 - 231-0930

mmmmmmm
MHMWIIMI

>^^n»M\\\»\u\

SEALTITE HOOK BOLT

Fastens timbers and ties to steel beams. Easy

to install, long-life. Fins prevent turning.

Spring lock holds tension.

SEALTITE SPRING LOCK

Maintains tension as timber

changes by weather or wear.

SEALTITE DOME HEAD DRIVE SPIKE

Fastens timbers and plank decking on grade crossings,

bridges and docks. Wide, smooth head seals opening,

weors well.

sit-J
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LEWIS WASHER HEAD TIMBER DRIVE SPIKE

Fastens highway crossing planks, bridge guard rails and
general timber construction. One-piece head. Easy to

install and remove.

e CWIS BOLT & NUT COMPANY
504 MALCOLM AVE. S.E., MINNEAPOLIS, MINN. 55414



Turn Your
Rail and Track
Material Pr
Over...

To A&K
You'll talk to a specialist. He'll

understand your questions, you'll

understand his answers.

You'll deal with the largest supplier

of relaying rail and track material

in the United States. From the

commonplace to the obscure,

we have the supplies you need . .

.

on hand.

You'll get action. With their

24-hour-a-day communications

network and 38 storage yards

coast to coast, our national

operations team will get your

order moving. Fast.

ASK FOR OUR FREE CATALOG, TODA^

A & K Railroad Materials, Inc.

P.O. Box 30076
Salt Lake City, 0184130

Call Toll-Free (800) 453-88

TLX 389-406 A&K SLC
""



Because our toilets and treatment sys-

tems surpass tough environmental stan-

dards, we're tops with the railroad in-

dustry Units feature stainless steel or

vitreous china two-quart flush toilets. The

toilets are also ideal for use in ground

support facilities.They reduce toilet flush

water by 90%.

Contact Microphor for the solution

to your difficult railroad problems.

For

Today's

Railroads

m Ct

DUMP VALVES
When the temperature drops to freezing, you'll need a

reliable valve to dump all on-board water to prevent

damage to pipes, valves, tanks, etc

Look to Microphor for reliable dump valves that

work.

WATER TANKS
Microphor can supply plastic water tanks in many
standard sizes and capacities, as well as tanks to

meet special customer requirements where size and

space are a problem.

Our toilet systems are known ttirougtiout ttte world

as environmental on-board disposal systems you

can rely on to meet anti-pollution standards

recommended by ttte Association ot American

Railroads. Microptioris currently meeting the

sewage treatment needs ot over 78 railroads.

PC BOI490-ARE

Wllllls, CA 95490

(707)459-5563

Cable—Microphor-Willits Telex 330470 Microphorine



DUPONT
has the people and products,

to serve you
There's a DuPont Railroad Vegetation Management
Specialist in your area. Let him bring his technical

knowledge and experience to help you solve your weed
and brush control problems. Du Pont is represented by

the most qualified railroad applicators available.

Midwest Southern Northeast West Central Canada

A. V. Glaser
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The Ever-Dependable Wood Crosstie
(Good news down the line)

n Ihtc Aortd of shrinking natural

esources it S comfonmg to know
!Here s at least one resource inat is

'iterally growing The proven
dependable wood crosslie Were
growing Ihem faster than we re

jSing them

M's a good thing On down the line

we'U need 30 rnilhon new crossties a

vear to keep America rolling That s

a pretty tall order But Man and
Natu'P- working together—began

tilling It years ago

In the century and a hall since

crosstie technology emerged from

the stone age. modern improvements
in drying and treating wood have

extended the average life ol the

crosstie live lold Irom about si«

years to 30 years and up

Today, the modem wood crosstie

lasts longer than it lakes to grow a

tree big enough to make one or

more new crosslies

Nature IS doing her part too

Hardwood growth now eMceeds
annual cutting by more than TSS
And that inventory— especially m
crosslie-size trees- is increasing

American Commerce has a lot

riding on the strength and growth o'

the Nation s Railroads And our

Railroads can bank on the ever-

dependable wood crosstie to carry

its share ol the load Right down
the line

Koppers Company, Inc

Pittsburgh, PA 16219

KOPPERS
Architectural and
Construction Materials



e Quality and Progress

1982 for 58 years

in Chemicals and
Application . .

.

RAILROAD VEGETATION CONTROL

The R.H. Bogle Company
P.O. Box 588

ALEXANDRIA, VIRGINIA 22313

Memphis, Tenn. Alva, Okla.

Jacksonville, Fla.

Bridges, General and
Incidental Construction, Grading

Gravel, and Crushed Stone Surface,

and Railroad Structures

EDWARD KRAEMER
and

SONS, INC.

General Contractor Plain, Wisconsin 53577 Phone:546-2311
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Proven Performer

1887.

National railway washers have proven time and again

their ability to keep bolts tight by n^^'"^^'?'^9
^^^^J^^

bolt tension They have proven their ability to with-

stand the extremJstresses and strains of continuous

heavy traffic and reduce maintenance costs systems

wide!

National ... the oldest name in railway t[ack washers

with the newest innovations . . . still the name to

specify for quality, concepts, economy and service.

A/PT/OA/PL LOCH WPSHER comppimy

Industrial Parkway • North Branch, N.J 08876

(201 ) 526- 1 234— Call collect. Send for free catalog.



INNOVATIVE NEW RAII
i

interm^iate
Strength" Rail.

A lot more rail

for a lot less

than you think.

CF&I has succeeded in producing
a superior carbon rail at a very

economical price.

"Intermediate Strength" Rail has
a guaranteed minimum Brinell

hardness 8.5% above the

minimum standard cartxin rail

hardness. The average hardness o1

the new rail is an 18.5% increase
over standard carbon rail.

With its improved hardness and
yield strength, 'Intermediate

Strength" Rail is capable of serving

in either tangent track or light

curved track.

Available for your immediate
requirements in standard and long

lengths, "Intermediate Strength"

Rail is an innovative breakthrough
from CF&I. For more information,

write Railroad Sales Department,

PHHH RO. Box 1830, Puebk)

I'd J I Colorado 81002, or

I I J I call (303) 561-6000.

fruiESXM
A subsidiary of Crane Cc

Quality Steel Making People

100 years rolling steel rail

1882-1982



The Allegheny Insulated Rail Joint-

Designed to withstand the heaviest traffic

in welded rail

This modern joint cements rail ends in position and thereaftei

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes welded rail truly continuous. If promises you years

of service without maintenance costs. It reduces rail and wheel batter

'o a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subsidiary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233



Wiiat Jl GreatWay to Hold
IIRailroailltigether

Standard and insulated track joints

Motive power and rolling stock

Bridges and other RR structures

Send for our newest FREE CATALOG
on how to hold it all together:

HUCK MANUFACTURING COMPANY
8001 Imperial Driven Waco, Texas 76710

HUCK

Bridges

Docks
Hump Yards

Track Work Earth Excavation

Coal Handling Rock Excavation

Facilities Pile Driving

kllW
THE HARDAWAY COMPANY
P. Box 1360,Columbus. Georgia 31902 (404)322-3274

Heavy Construction

Projects since 1891

Bruce Bird

Marketing Mgr.

J
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Continuous Welded Rail

We will furnish everything for Cropping and Welding

All we need is a level site and a pile of rail

LEWIS RAIL SERVICE COMPANY
44050 Russia Road Elyria, OH 44035

(216) 323-1277
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That's because L. B. Foster Company
can provide a rail. Or a railroad. Or
anything in between.

In fact, L. B. Foster is the country's

leading one-stop shop for rail, track-

work, rail accessories and tools. We
manufacture frogs, switches, turnouts

and pressure treated cross ties.

Beyond all this, we provide
industrial users with a track inspec-

tion service. Trained experts work
with users to maintain installations,

then provide the know-how and the
inventory to keep the railroad in

working shape.
And if there's a need for replace-

ment or repair parts, they're available

erything.
fast from any of Foster's coast-to-

coast stocking locations.

If you're an industrial rail user,

there's a lot more you ought to know
about L. B. Foster. Write for the

latest information about rail and rail

products and our track inspection

program.
Then you'll see we do supply

everything.

Write: L. B. Foster Company,
Foster Building, 415 Holiday Drive.

Pittsburgh PA 15220.

FOSTER L.B.FOSTER
COMPANY i



HEAVY-DUTY

Rail Lubricators

• Easy Installation-no grinding or

drilling required

• No valves to stick or wear out

• Gear pump and ratchet arm sub-

merged in grease
• Effective distribution far beyond
trackside location

• Available in both single and
double rail units, 2-port or 4-port

design
• Extends rail life; reduces M/W
costs

Switch Point
Protectors

• Low initial cost, low replacement
cost

• Replaceable blade made of drop-

forged alloy steel, heat-treated

• Long service life

• Quick installation

• Fits right or left-hand switches
• Available for prompt delivery

• A quality product matched with

quality service

Call or write for our brochures

Moore & Steele Corporation
Owego, Tioga County, N.Y. 13827 U.S.A.

(607) 687-2751

ms
MOORE^STEELE



Thetough couple
forweed control.
If you need a tough couple for

right-of-way weed control, ask for

Ontrack8E®andAtratol®
A pre-emergence or early

post-emergence application (be-

fore weeds are 6 inches high) of

Ontrack 8E delivers top-notch

grass control that'll last the sea-

son. And coupled with Atratol

you'll get the broad spectrum

control you insist on — control

of foxtails, crabgrass, quack-

grass, pigweed, kochia and
Russian thistles.

What's more, Ontrack

8E is an easy-to-mix liquid.

And since it's concentrated it

goes a long way. In fact, the conven-

ient 30 gallon plastic drum will

cover 60 acres.

Like to know more? Your
Ciba-Geigy railroad specialist can

explain all the benefits. To con-

tact the specialist nearest you,

call or write the Railroad and
Industrial Herbicide Sales

Dept., Ciba-Geigy Corpora-

tion, P.O. Box 18300,
Greensboro, NC 27419.
Telephone: 919/292-7100.

Ontrack 8E+AtrQtol
The Tough Couple.

i



DEPENDABLE, PROVEN PRODUCTS
FROM RAILS COMPANY

SWITCH HEATERS
to protect switch points from freezing

HAB SWITCH HEATERS
Proven in use at sub-zero tennperatures.
High pressure blower distributes hot air

steadily, evenly through a duct and nozzle.

Manual or automatic. Oil fired, natural gas
or propane. Easily installed and serviced.

RAILTEL SWITCH HEATERS
Advanced design assures correct

combustion under all conditions. Improved
unit burner increases efficiency. Dispatcher
controlled or automatic operation with

Rails Company Snow Detector. Long-
lasting, easy to install. Proven in thousands
of installations.

TYPE LP SWITCH HEATERS
Improved air inspiration design assures the

best combustion regardless of weather or

humidity. Uses low pressure natural gas.

Provides uniform heat.. .dependable, long

life operation. ..easy installation. ..minimum
maintenance.. .automatic ignition.

TUBULAR ELECTRIC SWITCH HEATERS
All voltages and wattages available. Supplied with adjustable hardware.

Control panels with ground fault detection for all requirements.

RAIL FASTENINGS
for high speed transit

FLEXICLIP-
RAIL FASTENERS
lor concrete ties

Resists ran

movement with

positive holding

power in all

directions Fast

installation with regular equipment
For jointed or welded rail Insulated

fastenmgs available

COIMPRESSION
RAIL ANCHORS
lor wood ties

Anchors m both

directions, providing

maiimum rail

protection with

lower installed cost

Fits all rail sections-

welded, turnouts,

bridges, crossings.

RAIL ROD
the one-man track carl that

can be carried by one man

Totally insulated, will not activate

switches Sately clutch and brake

system 2-wheel drive Rugged
construction Folds up (or shipping

and storage Proven on major class

one railroads

SNOW DETECTOR
starts heaters or removal
equipment

Provides local

control at remote
or near points

Automatically

turns on ramp
heaters, grids, etc

10 keep drives,

building entrances,

sidewalks clear of ice or snow
Activates highway warning signs

Compact, eas'ly installed,

mamtenance-free Foolproof operates

only in snow, freezing rain, hail or ice,

not during normal ramfalt Complete
with sensing head, control box.

mount, temperature control

Other RAILS COMPANY products to protect and maintain your track include:

Track Lubrication Systems. Automatic Switch Point Locks. Wheel Stops.

RAILS
COMPANY

Maplewood, N J 07040
Chicago. Ill 60604 • Oakland. Calif 94607
In Canada: lECHolden. Ltd.



railroad builders, inc

Railroad Engineering, Construction

Rehabilitation, and Take-up

"Sy the foot or by the mile"

4039 South Santa Fe Drive

Englewood, Colo. 80110
303 761-1994

PROVEN PROTECTION!

®»g@ txdOQiiais

1/2"

3/4"

WRITE - WIRE - PHONE

PO Box 6122 • Akron, Ohio 44312 • Area Code 216 733-8367

Four Fluted Steel Dowels

ANTI-SPLITTING AND LAMINATING
DEVICE FOR TIES AND OTHER

WOOD PRODUCTS

LENGTH AS SPECIFIED 1 1/8"

DOWELS CONFORM TO
ALL AGENCY SPECIFICATIONS

PRECISION MADE TWISTED STEEL
GIVE ADDED LIFE

IN EACH APPLICATION



WESTERN-CULLEN-HAYES
Railroad Products
rugged quality and dependability

Delectric Operator
Used with

HB sliding derail.

Available as door

protection system

Rail Benders
25 and 35 ton jacks

for rail up to 155 lbs.

Derails
Sliding, hinge,

portable, remote
controlled

Bumping Posts
All-steel,

universal fit,

6 types

Equipment
Shelter Boxes
Cable Boxes
Lightning

Arresters

Crossing
Signals
Gates, cantilevers, flashing light

signals

Switch Lamps
and Targets
Aluminum or poly-

carbonate -colors

to meet railroad

requirements

For more information

write:

WESTERN-CULLEN-HAYES, Inc.
2700 West 36th Place • Chicago, Illinois 60632

Telephone; 312/254-9600 • Telex 25-3206

120 North 3rd Street • P.O. Box 756 • Richmond, Indiana 47374

Telephone: 317/962-0526

78-9

)



STM

i

THE VERSATILE TAMPER . .

.

Designed for today's busy work schedules,

this Tamper offers big tamper quality on a

smaller tamper frame. Driven by a Perkins

Diesel and a 3-speed hydraulically driven

transmission with chain drive to the alloy

steel axle, the STM tamper track travels at 30

MPH. By using Tamper's proven vibratory

squeeze method of tamping, it assures

uniform consolidation of ballast under the

tie. Working in tandem with our bigger tam-

pers, the STM produces quality track and

speeds tandem tamping operations by

decreasing the number of ties the main tam-

per tamps. As a tamper, the STM can handle

yourtamping requirements.

SEE YOUR NEAREST TAMPER REPRESENTATIVE TODAY.

Tamper^^
2401 Edmund Road
West Columbia
South Carolina 29169
Tel. (803) 794-9160
Telex 573423



FROM MARMON TRANSMOTIVE
A BETTER WAY

CLEAN OUT! LOAD OUT! MOVE OUT!

CLEANS DITCHES 18 FEET FROM TRACK
CENTER!

CAST MATERIAL TO EITHER SIDE OR
LOAD INTO AIR DUMP CARS. EQUIPPED
WITH OUR CAR TOP CONVEYORS, RIG CAN
LOAD, HANDLE AND DUMP TWO 50 YARD
SIDE AIR DUMPS. WILL MOVE THESE
CARS UP A ^V^ GRADE AT 10 MPH.

JH
iit

Mannon Transmodvc
P.O. Box 1511

Governor John Sevier Highway
Knoxvllle, Tennessee 37901 U.S.A.

615/525*224 • TELEX 557-466

fiH&aules^.

WILL DIG UP TO FOUR FEET BELOW
T.O.R. GREAT FOR TUNNEL AND
CROSSING DRAINAGES!



NELSON RAILCHAIR
CROSSINGS

Low Cost—Long Life

Please write for brochure

VIRGINIA SUPPLIERS, Inc.

P.O. Box 6333
Richmond,Virginia 23230

More than 170,000 in Use

i

DOUBLE TIE LIFE OIM CURVES AT A SIIMGLE STROKE

Ties take a beating on curves. When you
replace rail frequently, your tie life may be

doubled by using the "Pandrol" brand rail

fastening system.

NO SPIKE KILLING.. .no need to pull spikes

to replace rail.

REDUCE PLy\TE CUTTING.. .mechanical

wear is reduced.

EQUAL LOAD DISTRIBUTION... loads are

carried equally by each tie.

NO CREEP, LESS ROLL OVER...the strong

clamping force stops creep and resists rail

roll over.

EASY TO INSTALL., clips can be easily

installed or removed using standard track

tools.

SAVES TIME.. .rapid installation and easy
rail replacement reduces track time for

required maintenance.

The "Pandrol" system.

'^Pf=inDROL-
Box 44. 505 Sharptown Road. Bridgeport.

New Jersey, 08014 Tel. (609) 467-3227

i



DIRECTORY OF CONSULTING ENGINEERS

FRANK R. WOOLFORD

Engintering Consultant—Railroads

24 Josepho Ave.

Son Francisco, Co. 94132

(415) 587-1569

246 Seodrifl Rd.

Stinson Beach, Ca. 94970

(415) 868-1555

FREDERICK A. KAHL
CONSULTANT

Lightning and Surge
Voitage Protection

Signals—Microwave

—

Power—Locomotives
P.O. BOX 58 805-969-5998

SUMMERLANO, CA. 93067

Sverdrup ft Parcel
and Associates, Inc.

Railroads • Transit • Tunnels
Bridges • Electrification

• Design
• Planning
• Construction Management

Boston • Jacksonville • New York • Phoeni«
Stn Francisco •Seattle • St Louis • Washington DC

® Colder Associates
CONSULTING GEOTECHNICAL
AND MINING ENGINEERS

2950 Norlhup Way
Bellevue (Seattle)

Washington, 98004
Tel (206) 827-0777

DENVER
TUCSON
ANCHORAGE
ATLANTA
HOUSTON
WASHINGTDON DC

Route selection, soil

and rock slopes,

tunnels, retaining

structures, bridge

foundations, landslide

control, groundwater
studies.

CANADA • UK • AUSTRALASIA

BAKKE KOPP BALLOU t McFARLIN.INC.
CONSULTING ENOINEEHS

Bridges

Special & Heavy Structures

Investigations & Reports

7S05 WEST HIGHWAY SEVEN
ST. LOUIS PARK, MINNESOTA 5542S

1612)933 BMO

Railway Consultants



BERNARD JOHNSON INCORPORATED
ENG;NEERS • AFCHITECTS • PLANNERS

TVackwork •Terminals • Railroad Relocation

Maintenance Facilities • Signalization

Bridges (Design. Rating, Rehabilitation!

Communication Systems • Systems Evaluation

Operations Analyses • Equipment Modernization

5050 WESTHEtMER • HOUSTON. TEXAS 7.7056

713/6221400

HOUSTON • WASHINGTON. D.C. • ATLANTA

HARDESTY & HANOVER
Consulting Engineers

BRIDGES — FIXED and MOVABLE

HIGHWAYS and RAILWAYS

SPECIAL STRUCTURES

Design, Inspection, Valuation

1501 Broadway New York, NY. 10036

Jersey City, N.J.

Railroads • Rapid Transit

Electric Traction Power

Signals and Train Control

Communications • Substations

Operations Analysis ond Simulation

Power Generation • Urban Planning

Gibbs a Hill, inc.
ENGINEERS. DESIGNERS, CONSTRUCTORS
393 Seventt) Avenue, New York, N.Y. 10001

A Subsidiary of Dravo Corporation

K-^ HARRINGTON & CORTELYOU, INC.

Consglting Engineers

1004 Baltimore, Kansas City, Mo. 64105
Telephone: 816-421-6386

RAILWAY AND HIGHWAY

• FIXED AND MOVABLE BRIDGES •

• Condition Inspections

• Investigations & Reports
• Design, Construction Plans

• Contract Documents
• Construction Supervision

• Cost Negotiations

ALFRED BENESCH
& COMPANY
CONSULTING ENGINEERS

233 NORTH MICHIGAN AVENUE

CHICAGO, ILLINOIS 60601

Railroads— Highways— Airports

Bridges— Buildings— Subway*

Reports— Construction Observation

CONSULTING ENGINEERS
PLANNING
DESIGN
SUPERVISION

PORT DEVELOPMENT
BULK HANDLING SYSTEMS
OPPSHORE TERMINALS

(B'la) SaS 8700 S7S lExinGTON AVE
TELEX 22^939 NEW YORK NY10022
U23479 CABLE BLILKONSULT

SANTIAGO SYDNEY

Engineers Architects Planners

Booker Associates, Inc.
1139 Olive Street

St. Louis, Missouri 63101

343 Waller Avenue

Lexington, Kentucky 40504

10905 Fort Washington Road

Fort Washington, Maryland 20022

THOMAS K. DYER, INC.

Consulting Engineers

Railroads Transit Systems

Track, Signals, Structures

Invcttigotlont and Ftotiblllty Reports

Plonning , Oeiign, ControcI Documtntt

I7S2 V.OBsachusells Avenue

Lexington, Moss. 02173

(617) 862-2075
Washington, D.C. Cfiicogo, III.

(202)466-7755 (312)663-1575



EDWARDS AND KELCEY
70 SOUTH ORANGE AVE, UVINGSTON, NJ 07039

PLANNING • ENVIRONMENTAL STUDIES
DESIGN •CONSTRUCTION MANAGEMENT

RAIL AND BUS TRANSITWAYS
RAILROADS, TERMINALS, TUNNELS
BRIDGES, PARKING, UTILITIES

Boston • Minn«apolis • N«w York • Philodelphio •Washington, DC

W RALPH WHITEHEAD & ASSOCIATES
Consulting Engineers

1936 East Seventh Street

P. O. Box 4301

Charlotte, Nortti Carolina 28204
704-372-1885

BRIOQES • HIGHWAYS • RAILROADS • RAIL t BUS TRANSfT • AIRPORTS

BRANCH OFFICES
3300 NE Expressway, Atlanta, GA 30341 (404) 452-0797

1033 Wade Avenue, Raleigh, NC 27605 (919) 8320563

wm i

CONSULTING ENGINEERS
PLANNERS • ARCHITECTS

Route Studies — Refueling —
Terminals — Pollution Control
— Storm Water Treatment —
Aerial Photogrammetry —
Bridges — Structures — Foun-

dations — Solid Waste Disposal

913 827 3603

609W NORTH ST.

SALINA. KANSAS 67401

816363 2696

9140WARD PARKWAY. SUITE 100

KANSAS CITY. MO 64114

^r^ Bennett-Carder
^^ & Associates, Inc.

Engineering Services

507 Fifth Street

Rock Springs, Wyoming 82901

(307) 382-5445

COWIN & COMPANY
INC.

Mining Engineers and Contractors

Phone 205-780-7700

1 South West 18th Street

Birmingham, Alabama 3521

1

Tunnels

—

Construction, Repair, Enlargement,

Consulting

M A.J.HENDRY, INC.
^

1512 PIONEER BUILDING

CONSULTINO ENGINEERS 1

ST. PAUL. MN 55101 16121222-2787

•RAILROADS •RAIL TRANSIT
• SIGNALS •COMMUNICATIONS •ELECTRIFICATION 'AUTOMATION

•ELECTRIC UTILITIES •LANDLINE COMMON CARRIERS •PIPELINES
• INDUCTIVE COORDINATION .ELECTROMAGNETIC INTERFERENCE



^1 Gilbert/

Commonwealth

• Electrical Systems Studies
and Engineering

• Construction Management
• Quality Assurance

• Management Consulting

Readinii,PA/Jackson,Ml

i

KII\JC a GA\/ARI5^^
CO'^'S^-'l.T^<vO C'S/Gi'V»£ C OS, "wC

PLANNING • DESIGN
CONSTRUCTION SUPERVISION

Railroads 'Mass Transit

Ports • Highways

500 Fifth Avenue, New York, N Y. 10036
(2/2J 594 - 24/0

A STEEGO CORPORAT/ON SUBS/D/ARY

Berger, Lehman Associates, P.C.

Railroads • Transit* Bridges

Design* Inspection • Rehabilitation

550 Mamaroneck Avenue
Harrison, New York 1 0528

(914)698-2260
(212)772-0617

Bridges and Structures

Environmental Studies

Highv^^ay Design
Transportation Planning

BENNETT, RINGROSE, WOLSFELD, JARVIS, GARDNER, INC

2829 University Avenue S.E.

Mini;eapolis, Minnesota 55414
612/379-7878

MINNEAPOLIS-CHEYENNE-DENVER

m The A.M. Kinney
Affiliation

Consulting Engineers

Architects

Classification Yards
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Natural Tunnel

Near Clinchport, Virginia

Railway civil engineers have been trained for over 150 years to take advantage of natural

features such as river valleys, mountain passes, and favorable land contours in determining the

details of railway route locations. Perhaps the most distinctive use of a natural feature in

railway engineering history is on an important coal route of the Southern Railway near

Clinchport, Virginia, where the line was routed through a cave!

This great cavern formed by nature is known as "Natural Tunnel" and is estimated to have

been formed about one million years ago by groundwater bearing carbonic acid that slowly

dissolved away the surrounding limestone and dolomitic bedrock. The railroad line was

constructed in IS^O from Bristol to Big Stone Gap. and a large portion of the coal mined in

Southwest Virginia passes this way en route eastward. The track now has 132 lb. welded rail

and is in excellent condition despite the heavy curvature involved in the alignment.

The above photo shows the entrance at the north end of the cave. (See Map on following

page.)
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The above picture was taken while looking

south a few hundred feet back from the north

end of the cave at milepost 24 on this Southern

Railway line. The sketch at right shows how two

man-made tunnels, one with both opcnmgs m-

side the cave, were needed to make the cave

usable as a railroad alignment.

1



The above photo is a view looking south from a short distance inside the north entrance

to the cave. The photo below (also reproduced in color on the cover of this bulletin) is a view

taken from inside the cave looking south toward the south entrance. These are certainly views

unique in railroading.



Ik^

This picture at left shows the view

looking south from the south entrance

to the cave. The track crosses Stock

Creek on a short deck-girder bridge

and then immediately enters a 200

ft. -long man-made tunnel. Below is a

view, looking northward, of the south

entrance to the cave which is 125 ft.

wide and 90 ft. high.
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AMERICAN RAILWAY ENGINEERING ASSOCIATION
81ST ANNUAL TECHNICAL CONFERENCE

ASSOCIATION OF AMERICAN RAILROADS

1982 ANNUAL MEETING

MARCH 22-24, 1982

PALMER HOUSE, CHICAGO

PROGRAM

MONDAY, MARCH 22

OPEN SESSION—Red Lacquer Room—9:30 am

Invocation—Rev. Herbert Knudsen. Pastor, First Christian Church, Downers Grove, IL.

Recognition of speakers table guests

Presidential Address—Wm. Glavin, Vice President-Administration.

Grand Trunk Western Railroad

Headquarters Report—L. T. Cerny

Greetings from Railway Engineering—Maintenance Suppliers Association—C. L. Coy,

President

Keynote Address—W. H. Dempsey, President. Association of American Railroads

New 80-Mile Coal Line Through Rocky Mountains on British Columbia Railway

(Illustrated)—V. M. Shtenko

Engineering Division Session—Red Lacquer Room—1:45 pm

Recognition of speakers table guests

Remarks by Chairman Wm. Glavin

Remarks by A. W. Johnston. Vice President. Operations & Maintenance. Association of

American Railroads

Remarks by W. J. Harris. Jr.. Vice President—Research & Test, Association of American
Railroads

Renewal of Turnouts by Panel Method (Illustrated)— R. D. Johnson, National Railroad

Passenger Corp.
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Presentation: Exciting Possibilities—Where Do You Fit In? J. H. Burdakin, Grand Trunk

Western

Bridge Fatigue Study (Illustrated)—Z. L. Szeliski, CN Rail

Boston & Maine Rehabilitation (Illustrated)—V. R. Terrill. Boston & Maine

REMSA RECEPTION—Grand Ballroom—6:00 pm-7:30 pm

TUESDAY, MARCH 23

Technical Session—Red Lacquer Room—8:30 am

Rail Flaw Growth Investigations (Illustrated)—D. H. Reed, Transportation Systems

Center

Track Buckling and Longitudinal Force Investigation (Illustrated)—^Transportation Systems

Center

Cross Level Index Investigation (Illustrated)—Transportation Systems Center

Barrel Furnace Rail Heat Treating (Illustrated)—D. H. Stone. Association of American

Railroads

Presentation on Concrete Ties (Illustrated)—G. Rodriquez. National Railways of Mexico

ANNUAL LUNCHEON—GRAND BALLROOM—12:00 NOON

Presentation of guests at speakers table

Introduction of Committee Chairmen

Announcement of newly elected officers

Address—Robert W. Blanchette. Administrator. Federal Railroad Administration

Technical Session—Red Lacquer Room—2:00 pm

Story of a Branch Line (New auto factory and funded rehabilitation) (Illustrated)

—

Wm. Glavin. Grand Trunk Western

Welded Railway Bridges (Illustrated). H. D. Reilly. Canadian Pacific

Presentation of Committee 8 Student Design Award—J. P. Shedd. Howard. Needles.

Tammen & Bergendoff

Double Tracking Duff Mountain on Family Lines (Illustrated)—R. E. Frame. Family Lines

Rail System

Kansas City-Tucumcari: SP Rehabilitation of Former Rock Island Line (Illustrated)—J. F.

Young, St. Louis Southwestern Railway Company
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WEDNESDAY, MARCH 24

Technical Session—Red Lacquer Room—8:30 am

Condensation of Results Presented at FAST Conference (Illustrated)— J R. I.undgren.

Association of American Railri)ads

AAR Research and Test Department Ongoing Research (Illustrated)—A. J. Reinschmidt

Installation of Officers

Adjournment
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Nominating Committee, 1982 Election

John Fox
Chief Engineer, Canadian Pacific Ltd.

B. J. WORLEY
Vice President, Material Recovery &

Disposition—Chicago, Milwaukee, St.

Paul & Pacific Railroad

W. S. AUTREY
Chief Engineer, Atchison, Topeka &

Santa Fe Railway

L. A. Durham, Jr.

Chief Engineer, Norfolk & Western

Railway (Retired)

M. ROUGAS
Chief Engineer,

Bessemer & Lake Erie Railroad

G. R. Janosko

Chief Engineer, Norfolk & Western Railway Co.

H. E. Richardson

Assistant Chief Engineer,

Family Lines Rail System

M. D. Kenyon
Assistant Chief Engineer,

Denver & Rio Grande Western Railroad

B. P. ROBBINS

Assistant Regional Engineer,

CP Rail

M. E. Wilson

Chief Engineer-Design & Construction,

Southern Railway System



Committee of Tellers, 1982 Election 473

Committee of Tellers, 1982 Election

The following committee was appointed to canvass the hallots for Officers. Directors, and

Member of the Nominating Committee, the count being made on February 23, 1982.

W. S. Stokely, Chairman W. B. Stanc/.yk

N. E. WniTNF.Y, Jr., Vice Chairman S. A. Sumnhr

J. C. Binder V. V. Tamosiunas

J. Chords R. Ubano
K. W. EiCH R. M. WEtMM
D. Leshchinsky J. W. Wells

J. L. LORENZINI A. P. Yarmoth
G. L. Salefski
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Successful Candidates, 1982 Election

For President

R. E. Haacke, District Engineer, Union Pacific Railroad, Portland, Oregon

For Senior Vice President*

H. L. Rose, Assistant Vice President, Maintenance of Way and Structures, Southern Railway

System, Atlanta, Georgia

For Junior Vice President

V. R. Terrill, Vice President-Engineering, Boston & Maine Corp.. North Billerica. Maine

For Directors

WEST
M. D. Kenyon, Assistant Chief Engineer, Denver & Rio Grande Western Railroad. Denver,

Colorado

W. B. Peterson, Chief Engineer, Soo Line Railroad, Minneapolis, Minnesota

SOUTH
R. E. Frame, Chief Engineering Officer, Family Lines Rail System, Jacksonville. Florida

EAST
A. L. Maynard, Director-Engineering Material Control, Chessie System, Huntington, West

Virginia

For Members of 1982 Nominating Committee

EAST
J. W. Winger. Assistant Chief Engineer-Engineering Services, Chessie System. Huntington.

West Virginia

WEST
C. G. Yund, Chief Engineer, Western Pacific Railroad. San Francisco, California

SOUTH
H. G. Kriegel, Chief Engineer-Bridges, Southern Railway System, Atlanta, Georgia

CANADA
A. G. Pronovost, Regional Engineer-Maintenance of Way, CN Rail, Toronto, Ontario

AT LARGE
R. E. Catlett, Jr.. Engineer-Research and Tests. Norfolk & Western Railway. Roanoke.

Virginia

'Under the provisions of ihc AREA Constitution. H. L. Rose iidvanccs automalicjIK from Junior Vice to Senior Nice

President.
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Address by President Wm. Glavin*

Good morning, members of the American Railway Engineering Association, ladies, and

guests, welcome to the opening session of our 1982 Annual Technical Conference.

We especially welcome the ladies and hope that you will attend as many of the sessions

you find of interest. I would point out that on Wednesday morning, at 1():(K) a.m.. the

installation of the officers for 1982-1983 takes place. This is an organizational highlight.

During the past year A.R.E. A. membership exceeded 4,000 for the first time in history.

In the United States 142 railroads, transit authorities and railroad-related governmental

organizations are represented.

Members also represent 36 railroads in 21 foreign countries.

The progress and growth in our industry makes these exciting and challenging times for

all railroad people. Each year, for the years 1975-1980, revenue ton miles increased to a record

all-time high of 919 billion in 1980. We all are aware that 1981 was not one of the banner years

for American history. For railroads this was reflected in a slight decline in traffic—less than

.4 of one percent—making 1981 the second highest in our history.

There have been dramatic increases since 1970—mainly attributable to unit trains

—

primarily unit trains of open top mineral freight in 100-ton equipment.

In 1955, the average freight carload was 42.4 net tons. Today, the figure is close to 68 net

tons, an increase of one net ton per year for the past 27 years. This coincides with the average

freight ton car capacity, which was 53.7 tons in 1955, and now is over 79 tons. Both figures will

increase as more 100-ton equipment comes on line.

While the revenue ton miles during this period have increased, the total trackage has

decreased more than 19% to presently under 300,000 miles. This decrease will continue as

those lines which cannot contribute to the economic health of a property are abandoned. This

equation demonstrates an exploding growth of gross ton miles on many of our tracks.

As maintenance people, we are well aware of the increased degradation of the track

structure under these heavier loads and increased traffic.

Last year, the General Committee of the Engineering Division of the A.A.R., in re-

sponse to the cost and analysis group in the Economics and Finance Department of the

A.A.R., offered the opinion, which few will dispute, that heavier cars generally shorten track

life far out of proportion to their increased weight. Their figures, based on practical obser-

vations, showed:

"This opinion is based on the practical observations with presently-in-use equipment. It

in no way implies that a 263,(XX) lb. or heavier car may not be an optimum gross weight on four

axles from an overall railroad standpoint. The optimum axle load for any particular situation

is subject to the analysis of the individual details of that situation. Much heavier cars than

263,(XX) lb. on four axles have been and are . . . operated under various conditions. As more

physical data are developed these statements may change. Keeping in mind the above state-

ments, the following is offered as a general rule of thumb regarding maintenance of way costs

alone:

'Vice President-Administration. Grand Trunic Western Railroad
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'The life of continuous welded rail on tangent track measured in MGT under 263,000 lb.

cars is approximately % of rail life under 220,000 lb. cars. The other variable maintenance-of-

way cost for MGT will be increased approximately 20% for 263,000 lb. cars vs. 220, 0(X) lb. cars

on heavy duty track in good condition. This percentage will increase as the condition of a given

track decreases, and on poor track the cost of maintenance may be several times higher for

263,000 lb. cars than for 220,000 lb. cars.'
"

This statement is extremely conservative. However, it is defensible.

The 100-ton equipment, especially in unit trains, is taking its toll. As the life of the rail

structure decreases, maintenance costs increase. Even though earnings are at the highest level

in over 30 years, the rate has struggled up to 4.5%. This after a decade of earnings ranging

from 1.24% to 2.34%. This is far below the 12% the I.C.C. says the railroads need to earn.

Premature aging of track structure is a serious deterrent to reaching that necessary rate

of return. A.R.E.A. knows it and is working on solutions.

Our twenty-one standing committees cover all facets of track engineering. All of them are

directed toward the object of our association: the advancement of knowledge pertaining to the

scientific and economic location, construction, operation and maintenance of railways.

Our association, in collaboration with the Research and Test Department of the A.A.R.,

the F.R.A., and member railroads, is pursuing a continuing program of attaining additional

knowledge, to produce a track structure to handle the increased loads and traffic within budget

constraints.

In the area of track strength we are working to further develop the use of the "Decaroter"

track strength testing vehicle. This includes improvements to enhance system performance and

provide related track measurements under different track conditions with different fasten-

ing schemes, to identify improvements obtainable in track strength performance, the benefits

resulting from better control of maintenance outlays and improved track performance

standards.

We are looking at various methods of subgrade design, maintenance, and stabilization to

determine costs and effectiveness procedures. This would provide maintenance planners with

needed aids to develop cost-effective maintenance programs.

We are continuing research leading to development of a model to predict the life of wood

ties, hoping to determine through laboratory simulation the properties of wood ties under

various load conditions; to ultimately develop a predictive model to aid maintenance engineers

in developing economical tie renewal policies.

We are developing techniques for predicting and monitoring rail crack growth under

varying traffic conditions. The potential benefits are reduced, unexpected in-service failure

and premature removal of rail. A prototype machine known as "scrubber"" has already been

designed, developed, and tested. With known defects, installed at the FAST facility, daily

mapping under traffic conditions will provide information we need.

We are progressing in the field of rail heat treating. The prototype barrel furnace has been

constructed to heat treat rail. The initially treated rails will be installed to determine service

performance. Reduced cost per ton for fully heat-treated rail is anticipated.

We are working on developing viable techniques for field welding rails of differing alloy.

The potential benefits are reduced maintenance costs and reduced derailment risk due to field

weld failure.

We are studying techniques to determine the onset of track buckling and prevent in-

service failures. There is ongoing testing using different methods of non-destructive mea-
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surement dI lateral toree. One ol these methods is a magneto-acoustic emission which relics

on the Barkhausen effect which stimulates an acoustic emission by alternating a magnetic field

in the rail. The amplitude of the received signal theoretically then varies with longitudinal

force.

Slightly different, the magneto-ultrasonic technique inputs acoustic signals and measures

their change of amplitude as they pass through an alternating magnetic field. Both require

further study as, so far, there are unpredictable uncertainties which derive from the variation

in rail steel properties. The benefits could accrue in assuring route availability and reduced

derailment risk.

We are looking at ways to develop maintenance techniques to economically increase

bridge life by 10 to 20 years and to alleviate the approach maintenance problem.

These are only eight of the areas in which A.R.E.A. is seeking to improve railroad track

and bridge structures. We are not unmindful, however, of other problems needing solutions.

The ever present need for the railroad engineering profession to accept the challenge and

economically solve these problems is dramatically pointed out by the highly authoritative

National Transportation Policy Commission which predicts "'.
. . freight ton miles will increase

165 to 314 percent in the next 18 years." The present highways are already congested.

Is it realistic to believe that the money will be available to build more highways to accommo-

date two to three times the present traffic in 18 years? The capacity to handle this kind of traffic

can be attained much more cheaply by improving our present rail system. The railroads are

in place, serving thousands upon thousands of communities over North America. The im-

provements necessary will require little or no additional space, and railroads are acknowl-

edged as the most energy efficient movers of goods.

I have the confidence that our railroads will continue to improve to meet the service

requirements of increasing axle loads and traffic. This confidence comes from my association

with railroad maintcnance-of-way officers and supervisors and knowing they are capable of

accomplishing their goals.

They have always met the challenge. By the 1870s there were four different gauges of

track in Canada. The standard gauge of 4'8'/:" was to prevail. In 1873. the changeover of the

Sarnia-Fort Erie line of the Grand Trunk Railway, 215 miles, was carried out in two days. The

same process between Montreal and Stafford, including the passing sidings, a total of 5(K)

miles, took even less lime. Between Friday afternoon. October 3. 1873, and two o'clock

Saturday afternoon, 1,5(M) men completed the job.

On the Grand Trunk Eastern, from Montreal to Portland, Maine, a distance of 292 miles,

the gauge was changed overnight—September 25-26, 1874, with no interruption to traffic.

In 19.55, the American railroads laid 963,000 tons of new rail and installed 27.1 million

ties. The maintenance-of-way employees totaled 182,654.

The latest annual figures we have show 1 . 1 million tons of rail were laid and 26.7 million

ties were installed with 102.000 fewer employees. Think of that, over 10'"^ more rail, only l'/:'~f

less ties, with 102,000 fewer employees. Ihis is productivity! We have had a lot of help to attain

this: first, our managements were willing to spend the money to acquire the necessary machin-

ery. Second, the maintenance supply group, those good people, worked ever so closely with

the railroad engineers to develop the machinery and methods to accomplish our economic

goals. Many times they took chances, developing machines without knowing if they wi)uld

succeed. We owe them a deep debt of gratitude.

But we're expecting more from them in the future. With the delightful prospect that

freight tonnage could triple in the next 18 years, we face another challenge—to produce a track
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structure that can economically provide competitive service and do this so the track remains

available to move the goods. The next generation of machinery must perform our task under

traffic.

The engineering profession has always played a prominent part in American railroading.

In the early days, the profession was a repository of practically all of the knowledge that

existed about railroads. Engineers were expected to know the operating part of the business

as well as location and construction.

If engineers did not understand motive power and operating conditions, their locations

were bound to prove faulty, since there were no textbooks to lay down principles for them,

or executives capable of expounding them.

We now have the textbooks and very able executives. But railroad engineers are more

knowledgeable than ever before.

In the January 11th issue of Industry Week Magazine Peter Drucker, one of the foremost

management experts, stated "To the extent that old industries can latch on to both the

demographic and the technological revolutions they will become new industries."

Mr. Drucker cited the railroads as a good example. Not only has technology changed

drastically, but also a new generation of railroad executive has generated a rebirth in the

industry.

While we can certainly be pleased with our accomplishments to date, we can't be satisfied

with them. We never have been, and that is why we have been achievers. We intend to continue

in the forefront of a revitalized industry.



Headquarters Report

by L. T. Cerny*

Bienvenidos a nuestros miembros mexicanos. Estamos contcnlos que ustedes puedan
estar aqui para esta reunion de ingcnioros de los tres paises de nuestro conlincnte para

progresar el desarrollo de nuestra red fcrrovaria de 1,435 milielros dc trocha.

Welcome to our Mexican members. We are very happy that you can be here for this

meeting of engineers of the three nations of our continent in order to further the development

of our 4'8'/2" gauge railway network.

At this point I would again like to introduce Mr. Guillermo Rodriguez, Chief Engineer

of the National Railways of Mexico, who is the champion A.R.E.A. recruiter of 1981, having

brought in 34 new members.

In regard to the A.R.E.A. headquarters report, the year since our last technical confer-

ence has been an excellent one for the A.R.E.A. In 1981 . as President Glavin indicated in his

speech, despite severe recessionary pressures and deep declines in such key industries as the

automobile industry, the railroads had less than a 0.4 percent decline in ton miles from the

all-time record year of 1980. In 1981, our membership continued breaking all-time records

going over the 4,000 mark on October 31.

In 1981, the A.R.E.A. membership passed an amendment to its Constitution giving Mex-

ican membership a position on the Board of Direction to allow their full and equal par-

ticipation in the organization. This was followed by the adoption of the new A.R.E.A. symbol.

To facilitate correspondence and telephone conversations with Mexican members, a

bilingual secretary was added to the staff September 1 of last year replacing Susan Rich.

The desire to have the three flags on the front cover of the Bulletin led to the printing in

color of the covers of the four bulletins that are part of the permanent proceedings, thus giving

a new image to our A.R.E.A. publications. We provided lapel pins with our new symbol free

to all members who paid their dues prior to February 8.

The greatness of our continuous 4'8'/:" gage network extends from the developing wilder-

ness of northern British Columbia to the 1 10 m.p.h. speeds of the Northeast Corridor along

the Atlantic seashore, from Pacific beaches on the coast of California to the farmlands of the

Mexican plateau shown near Aquascalientes (Fig. I.). There is an enormous amount of work

that is going on in improving, strengthening, and renewing the track structure in existmg lines

and the double tracking of many lines such as the Canadian National's line through the

Rockys. There is the construction of new lines such as the British Columbia Railways' new coal

line as will be discussed later this morning; track relocations such as the Union Pacific's line

revision near Caliente, Nevada; and numerous construction projects involving hundreds of

miles of new line in Mexico.

It is a great enterprise we are involved in; this interconnected rail network over which a

car of freight can move from any one point to any other point. Our discussions at meetings

like this will help to make it even more so.

The sales of A.R.E.A. publications continue at high levels and our financial situation

continues satisfactorily. Our twenty-one technical committees contmue to fill their very signifi-

cant functions in railroading in a dynamic fashion keeping up with the rapidly changing

technology in our field and submitting high quality manual recommendations and publications

'Executive Director. AREA and Engineering Division, Association of American Railroads
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for information. I wish to thank the committee chairmen, vice chairmen, secretaries, sub-

committee chairmen, and members who have worked so hard on their individual technical

specialties.

The ye^r 1982 will bring continuing change with Mexican members starting to become
members of the committees and also with the first A.R.E.A. regional meeting held jointly

with the Roadmasters and B&B Association meetings in connection with the R.E.M.S.A.
Equipment Show in New Orleans, October 3-7 this year.

In Washington it has been a very active year and one that has involved substantial

movement toward more freedom to use our own professional judgment in railway engineering

track matters rather than having them dictated arbitrarily by unrealistically rigid rules from
Washington. A move to regulate railway bridges, despite a record absolutely free of fatalities

due to structural failures for over 20 years, has been successfully countered leaving people in

the bridge area of our business to justifiably remain an area of railroad operations free of

federal control or regulations.

Earlier this month a change was made in the position most critical to the smooth running
of our organization, our Manager-Headquarters. Sue Chambers has left the organization to

move to Houston, Texas, after almost three years of outstanding service to the A.R.E.A. Her
able replacement is Judi Mcyerhoeffer, who many of you know from her past 10 years" ser\ice

as Executive Assistant and Secretary to Dr. Harris of the A.A.R. Research and Test De-
partment. In addition to those members of my staff already mentioned in connection with
changes in 1981, I wish to thank Art Grotz, Director of Engineering, for his fine work, and
Cynde Kraft, who docs such an excellent job handling details for these conferences plus
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membership matters. Gary Wade, who handles the publications sales, has also done a com-

mendable job. I especially want to express my appreciation to President Glavin and the rest

of the Board of Direction and Treasurer, for the excellent way that they have guided the

organization's policies through a year of change and growth. Thank you.



Keynote Address by William H. Dempsey*

This past weekend saw the beginning of Spring—a point I make only because of its

relevance to our industry.

For Spring marks the beginning of a new cycle every year. Migratory birds head north-

ward. Plants that have lain dormant stir. Animals that have been in hibernation likewise

awaken.

The railroad industry— 162 years old and counting—is again in the Spring of its existence.

Railroads—the sick old men of American industry just a few short years ago—are awakening.

They are stirring as never before. Our industry is becoming a growing and vibrant force for

change and efficiency to benefit the entire American economy.

I don't think you've heard many railroaders talk like that in the recent past. For good

reason. Railroads headed into a long-term decline at the end of World War II. Only in the last

few years has that downward spiral been broken. But it has been broken. And for our industry

now, the sky, is, literally, the limit—and I don't mean Norfolk and Western's purchase of

Piedmont Airline stock, either.

What has brought about this change?

Partly it has to do with the work that people like you have done. I would be remiss if I

didn't at least mention the dramatic improvement that has occurred in our industry's physical

plant.

Railroads can operate no more efficiently than their track, signaling, communications and

equipment permit. I'm not exaggerating when I say that the condition of each is better today

than ever before in our history as an industry.

What makes last year's performance even more impressive is that it occurred during a year

in which there was a lengthy United Mine Workers strike against most coal mines in the East.

The last previous UMW strike in 1978 caused rail coal volume for the year to drop about 6

percent from the prior year.

Last year also saw railroads break a 55-year-old record for most coal loaded in one week,

when 12.6 million tons were loaded during the last week of August. Even during that week,

the rail system could have moved more coal since there was a surplus of more than 13.000 open

top hopper cars.

The future prospects for coal look even better. The export market is continuing to grow

more rapidly than was forecast just a few years ago. Last year it grew 5 percent to 95 million

tons despite that strike. Some forecasters are predicting a further 10 percent increase this year.

Others say that it could reach 200 million tons annually by the end of the century.

Overall, the Department of Energy says that coal production could double by 1995. Since

railroads move about 60 percent of the country's coal production, this should lead to signifi-

cant increases in volume, revenues and earnings.

Since much of this coal will move in very heavy, unit train loads, I don't need to tell you

how much more important it will make the work you do. Well-engineered, well-built, well-

maintained track is absolutely essential for high-volume, relatively high-speed freight trains.

I might add that I have little doubt in our ability as an industry to meet those standards even

though we have to pay for it ourselves, unlike our friends among the motor and water carriers

who manage to get the taxpayers to pick up a sizeable share of the tab for them.

'President. Association of American Railroads
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The other element I would like to discuss is deregulation and our experiences during the

first year of the Staggers Act.

Passage of the Staggers Rail Act of 1980 was an historic occasion for the railroad industry.

For the first time in nearly a century, railroad officials were given the power to manage their

companies as well as operate them.

Certainly one of the key provisions ot the law from our standpoint was the creation of

revenue adequacy standards. Never in the entire century of pervasive economic regulation

were such standards in place.

Now there are standards. Government actually says railroads ought to earn money. And
the ICC has moved with dispatch to ensure that these standards are meaningful and realistic.

Its determination that railroads ought to be able to earn sufficient money to pay the current

cost of capital was regarded by some as revolutionary.

As a railroader, I had a different reaction.

About time.

I have the same reaction to another provision of the Staggers Act—the one that greatly

reduces regulatory lag in approving intlation-based rate increases. Now railroads are per-

mitted to recover inflation-based cost increases about as soon as they occur. In the past, delays

in this area alone cost railroads about $1 billion a year.

Also as a result of the Staggers Act, we're seeing railroads becoming more attuned to the

individual needs of their customers than ever before.

The Staggers Act made this possible in two principle ways; by specifically legalizing

contract rates between railroads and shippers and by making it easier for railroads to change

individual rates.

Prior to 1978, contracts with shippers had been ruled an illegal abrogation of a railroad's

common carrier obligation. Even after the ICC then said it would consider contracts on an

individual basis, they were of doubtful legality. Many regulatory and transportation lawyers

believed any negotiated contract would be thrown out after the first court test.

As a result, railroads had relatively little experience in negotiating the terms of a trans-

portation contract before passage of the Staggers Act. Yet in the first year after it became law,

railroads filed more than 600 contracts with the ICC. And the pace is picking up, with new

filings now averaging more than 100 per month.

These contracts have covered well over 100 different commodities. Some were as short as

39 days while others were as long as 20 years, depending on the needs of the individual

customer.

One contract that really points out the advantages of this involves an Indiana firm

—

Hoosier Energy—and Illinois Central Gulf Railroad.

Hoosier has advanced $9 million to ICG so that its rail line to Hoosiers plant can be

improved. In return, Hoosier gets lower rail rates on the coal it needs than otherwise would

have been possible. The contract is due to run for 20 years.

I might add that the legalization of contracts is another element that will place increased

emphasis on good track. A large percentage of these contracts contain penalty clauses that will

cost railroads money if performance standards are not met. Ihat means slow orders and

restricted-speed tracks could very well be costly. Having negotiated such a contract, no

railroad in its right mind is going to tolerate those conditions. It then becomes a matter of the

bottom line—and the bottom line says track has to be maintained in top-notch condition.
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The provision making it easier for railroads to change individual rates is also making it

possible for railroads to respond more quickly to the needs of their customers.

In the past, all rate changes, even those covering commodities where competition among
carriers was rampant, were su'uject to possible ICC investigation, suspension and disapproval.

Now they aren't, so long as they are under a threshold level currently set at 165 percent of

variable cost.

With this new freedom, railroads are changing individual rates more often than ever

before.

We have figures to back this up. In the South, for example, 3,569 individual rate changes

were filed during the first 12 months after passage of the Staggers Act—more than double the

1,770 filed during the previous 12 months.

We don't have comparable figures from either the East or West. But we do know that

during the six months last year from the first of April through the end of September, railroads

in those two sections of the country announced 12,390 individual rate changes—more than

seven times the 1,751 collective damages that were filed.

I might add that the vast majority of the individual rate changes were decreases rather

than increases. During that April through September period, the margin was almost ten-to-

one— 13,423 decreases and 1,430 increases. In other words, railroads are responding to the

marketplace and bargaining against the competition, which is just as it should be.

As time goes on and both railroads and their customers gain more experience in this less

regulated environment, I would expect the rail industry to become even more customer-

oriented both in negotiating contracts and in setting individual common carrier rates.

What does all of this mean for the future?

As I said at the beginning of my talk, I think the signs are mostly positive. I believe the

factors I have been discussing will lead to growth and prosperity for the railroad industry.

Let's talk about the current recession.

Recessions have always hit the railroad industry especially hard. For example, the 1975

recession produced an 11.5 percent reduction in railroad traffic. It also produced a 19 percent

reduction in railroad piggyback loadings. And a 54 percent decline in net railway operating

income, with the rate of return on investment falling to 1.2 percent.

In 1981, things were different. Dramatically so.

Traffic did decline but only by four-tenths of one percent from the record 919 billion

ton-miles moved in 1980.

Piggyback actually increased 3 percent, a complete reversal from other recessions in

which piggyback had always declined more steeply than other rail traffic.

And earnings ended up only slightly down from 1980, a year in which rate of return

reached its highest level in about three decades at 4.2 percent. Last year it dropped to 4.08

percent, largely because of the impact of the recession during the fourth quarter. I might add

that net railway operating income actually increased during 1981 but not by enough to keep

up with increases in net investment.

The recession deepened early this year. Traffic was off 12 percent during the first eight

weeks of 1982. But this compares favorably with the depths of the 1975 recession when
decreases were even steeper. Furthermore, loadings a year ago were at unusually high levels

due to the fact that utilities were building up their coal stockpiles in anticipation of a strike by

the United Mine Workers.
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Also two commodity groups arc actually showing increases from 1981. And those two

groups are the ones that include the traffic that has been almost totally deregulated under the

exemption provisions of the Staggers and 4-R Acts—piggyback, which is (for the most part)

included in "all other carloads", and fresh fruits and vegetables which is included in the

category of "farm products other than grain,"

Economists seem to be in disagreement as to when the recession will end. Certainly

railroads cannot expect any significant improvements until that happens.

But once the recession ends, it seems clear to me that the railroad industry will resume

the progress it was making when the slowdown hit. Coal movement will continue to increase.

Deregulation will lead to more business. Earnings will improve.

The long-term prospects for the railroad industry are outstanding. A strong foundation

has been laid for a growing and prosperous future.

Dont misunderstand me. The railroad industry still has problems. Earnings have not yet

reached adequate levels. Challenges remain for us to prepare for the future.

But a start has been made. For the railroad industry, the Spring of 1982 is more than that.

It is the Spring of our future.
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New 80-Mile Coal Line Through Rocky Mountains on
British Columbia Railway

V. W. Shtenko*

Introduction

Coal has been known to exist in the Peace River area of British Columbia since Alexander

MacKenzie's traverse to the Pacific in 1793. Over the intervening years, limited exploration

of the resource was accomplished by several small mines located in the locale of the Peace and

Pine Rivers. The last of these mines closed in 1964.

Renewed interest in this area, now referred to as the North East Coalfields, dates from

the development of the Japanese export market for coking coal from the Crowsnest Coalfield

in the mid 1960s. Early recognition of the coking qualities of the coals and of the resource

potential of the North East Coalfields provided impetus for intensive exploration activity from

1969 to the present.

The North East Coalfields contain very substantial reserves of metallurgical coal. These

reserves are estimated as 300 million tonnes mineable "in-place reserves", 284 million tonnes

"indicated reserves", and 7.7 billion tonnes "inferred resources".

The quality of the mineable "in-place reserves" appear to be of superior coking quality

and compare favourably to other sources of supply in the United States, Australia, and

Western Canada. Further, it is of a low ash and medium-low volatile characteristics. It is

estimated that about one-third of the "in-place reserves" can be mined by surface methods and

the remainder by underground methods. The proportion of "inferred resources" that must be

mined by underground methods is much higher; probably in excess of 90%.

In March, 1974, the Ministry of Economic Development of the Province of British

Columbia commissioned a study of economic development in the North East region under a

Subsidiary Agreement on Planning with the Government of Canada. The results of that study

indicated that a major opportunity for regional economic development and diversification lay

in the development of the North East Coalfields.

In January, 1976, the Ministry of Economic Development proposed an evaluation of the

potential viability of North East Coal development. In response to the proposal, the Provincial

Cabinet established a Cabinet Committee on Coal Development to investigate coal policy and

development issues in British Columbia. With respect to North East coal, five component

sub-committees, namely Coal Resource, Environment and Land Use, Transportation, Man-

power, and Townsite/Community Development, were organized to develop respective terms

of reference, undertake feasibility analysis and document the findings.

Phase I of the study, generally covering the feasibility analysis, was undertaken in the

1976-77 fiscal year. Phase II, for further studies and analysis, was undertaken in 1977-78 and

refined in 1980. Phase III is currently underway and covers final design and construction.

'Chief Engineer. BriIi^h Columbia Railway
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Route Studies and Selectiun—Phase I

Intruductiun

In early 1^76, B.C. Railway, at the request of the Transportation Sub-Committee of the

Provincial Cabinet Coal Committee, undertook to determine the feasibility and associated

construction costs of rail access to coal deposits located in northeastern British Columbia. The
proposed rail line would begin at some point on the existing B.C. Railway mainline north of

Prince George, and would initially serve the Sukunka. Bullmoose, Babcock and \Vt)lverine

mines. B.C. Railway would transport the coal from these mines to Prince George; from there,

Canadian National Railway would move it to tidewater at Prince Rupert.

The original mine production schedule with which the Railway was provided, indicated

that the Sukunka mine would commence production in 1980 at 0.75 million tons annually; this

would increase to 1.00 million tons by 1981 and further increases to 3.00 million tons. Ihe

Bullmoose site would begin at 1.50 million tons in 1980 and would remain constant at that

level. The Babcock mine, beginning at 0.75 million tons in 1981 , would rise to 3.50 million tons

in 1984. while Wolverine would start at 0.25 million tons in 1979 and escalate to 2.(M) million

tons in 1981. During the course of the study, these production forecasts were revised; ultimate

full production levels were not altered, but the time required to attain those levels was

generally lengthened.

The proposed new rail line would be designed to accommodate unit train operations, with

ninety-eight cars (each of one hundred short ton capacity) per train, and a maximum operating

speed of 65 kilometres per hour. The design criteria were established through consultation

with the Operations Department of B.C. Railway. Discussions with C.N. Rail and C.P. Rail,

both of whom have considerable experience in the operation of unit trains for coal, also

influenced the decision to set a maximum train speed at 65 kph.

The pre-engineering design of the various rail route alternatives was undertaken by the

engineering staff, supplemented by consultive services. Mapping, developed from aerial pho-

tography at a scale of I:.5000 and with five metre contour intervals, was used to locate and

design the various route alternatives. No actual field location survey was undertaken, though

the engineers did carry out visual reconnaissance surveys of the routes. Within the time

limitations provided, two alternate routes were studied, with one originating from the north

out of Chetwynd, and the other originating at Anzac, which are located 317 and 125 rail

kilometres north of Prince George respectively (see Figure I). Variations to the two main

routes entailed investigation of various river valley corridors to determine construction fea-

sibility and environmental impact.

Concurrent with the B.C. Railway route studies, C.N. Rail had also been requested to

undertake a similar feasibility and associated construction costs study of rail access from their

main track east of Prince George (Hansard) to serve the coalfields, namely the Lower and

Upper Monkman routes. The lower being a rail location with(Hit the McGregor River Hydro

diversion; the upper location being with the diversion, with resultant necessity to locate

around the reservoir created by the diversion. The C.N. Rail study is not covered in this

report.

In addition to the route selection study as described above, B.C. Railway was requested

to prepare preliminary cost estimates to upgrade the existing mainline between Chetwynd and

Prince George. I he upgrading of the mainline was to meet the same operating and design

standards established for the new rail lines. Details of the upgrading study and costs arc not

included in this report.

Environmental impact and land use studies were carried out concurrently by other

agencies.
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Figure 1
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Grade and Track Structure Standards

Based on experience of other railroads, current technology and operating parameters, the

following standards were established;

Curvature —6 degrees maximum.
Grade — 1.2'"'r compensated.

Rail — 136 lb. for main track.

—100 lb. for others.

—C.W.R., up to 4 degree curvature.

—Chrome on curves 4 degrees and greater.

Ties —No. 1 fir or pine.

—No. 2 fir or pine on sidings only.

Ballast —0.3 metres of sub-ballast, clean pit run granular material.

—0.3 metres of crushed rock beneath the ties.

—0.3 metres shoulder.

Switches —No. 12 for main track.

—No. 10 for others.

Sidings —All sidings to be 2,440 m in length with 760 m backtrack connected at

one end.

Bridges —Cooper E-80 for all components.

—Ballasted deck.

—Steel and concrete substructure and superstructure.

Methodology and Engineering Analysis

Methodology

Preliminary alignment was first located and laid out on 1 :50.()00 geodetic maps. From this

information, a flight pattern was determined to cover the area by aerial phtitography. Ihe

proposed alignment was marked up on the aerial photos and a band oi mapping, approxi-

mately 1,()()() metres in width, was produced to a scale of 1:5,000. with contour intervals of 5

metres.

The control for the mapping was carried out by aerial triangulation using available

geodetic information available. A more preferred control method is to carry out a ground

survey of sufficient prominent features in Ihe area to be mapped prior to taking the aerial

photography, but time constraints did not permit this type of ground control. It was found that

mapping controlled by different aerial triangulation programmes varied in elevation, which

resulted in a vertical break of adjoining mapping.

With regard to volumes which could be affected by inaccurate control, it has been found

that in sections which have been surveyed on the ground, errors in elevation on the mapping

are constant. This means that although the mapping is not correct with respect to elevation,

it is correct with respect to the horizontal plane. The quantities should, therefore, be correct

within the degree required for this level of study. This mapping could be used as a guide only

with respect to the tle\elopment of contract drawings and preliminary cost estimates.

As mapping was received, the alignment was laid out with consideration to the following:

(a) Available soils information.

(b) Available environment impact information.

(c) Maximum grade of 1.2'r compensated.
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(d) Maximum curvature of 6 degrees.

(e) Balanced cut and fill profile along the centreline.

The traverse of the alignment was then calculated and the alignment drafted up showing

plan and profile. Cross sections were then taken from the drawings and were entered into the

Railway's computer for calculation of quantities. Much of the alignment was along the sidehills

which results in cuts and fills which do not, in fact, balance. In areas where an imbalance of

quantities was significant, realignment was carried out and the new data fed into the computer

to recalculate the quantities.

With respect to volume calculations, the following was performed in various stages:

—The first stage was to plot the routes on mapping of 1:5,000. The various routes were then

cross sectioned at intervals of 100 metres, at break stations, and at stations where the natural

ground line and the grade line crossed. These cross sections were entered into the computer,

station by station, and formed into reports consisting of two or three kilometres of grade. The

report consisted of a listing of the stations in sequence, stating its cross section, subgrade

elevation, and the design type of the section. These design sections are coded into numbers,

which, when entered, would apply that particular design to the cross section.

^The second stage consisted of running various computer programs with the report listing and

obtaining volumes for the fill, cuts, and stripping.

—The "volume program" used for calculating the volumes was based on the average end area

method. The area of the cross section was first calculated and then the areas of adjoining

stations are averaged and multiplied by the distance between stations to give the volume. The

volumes are summarized by the computer into cuts and fills with a summary listing at the end

of the printout. This listing was in the form of volumes showing the stations, cut by cut and

fill by fill, with a total for each of ordinary material cut, solid rock cut, and fill.

—The stripping program was used to calculate the volume of material to be wasted and was

assumed to be a depth of 0.6 metres except in places of bare rock where it was assumed that

no stripping would be performed.

—The final stage for the volume calculations consisted of producing the "mass haul diagram"

for each of the proposed routes. The basic assumptions used in connection with the "mass haul

diagram" are as follows:

—^The usable material in cuts of ordinary material is equal to the volume of ordinary

material calculated by the computer minus stripping in cuts.

—The volume of fill needed is equal to the fill volume calculated, plus stripping in fill.

—To allow for shrinkage in the fills, stripping in the borrow, and overbuild, a factor of

thirty percent is added onto all borrow quantities.

—A constant equal to 10,000 mVkm was added onto the ordinary material estimate to

allow for sub-cuts, culvert ditching, and catchwatcr ditches.

—In areas of rock, a factor of 8 percent of the solid rock volume per kilometre was added

onto the ordinary material to account for overbreak.

—No allowance was made for rock expansion due to the location of most of the route

being on steep sidehills, indicating that any amount gained due to expansion would be lost

from the falling of the blasted rock to the bottom of the sidehill.

—The mass haul was averaged over a distance of 3 kilometres due to the cost of the borrow

being cheaper than the overhaul cost beyond this distance.
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—The "'mass haul diagram", when finished, provided a summary sheet showing total rock cut.

ordinary material cut, and total fill. Ihis data was then listed and a cost analysis was done
kilometre by kilometre for each route.

Culverts were assumed to be of two distinct categories: namely identifiable location and

local drains. The identifiable areas are the existing creeks or ravines. In the existing creeks,

the drainage area was calculated and the culverts or multiplates were sized based on the flow.

Local drains were taken as a constant for each route and an allowance of $13,300 was added

to each kilometre. This was performed for each route.

The clearing calculated and used in the estimate was based on a 32 metre right-of-way.

increasing to 50 metres, 100 metres, or 150 metres in width where necessary due to a high cut

or deep fill sections. The area calculated in hectares included the basic right-of-way and also

the clearing needed for slope stakes falling outside of the basic right-of-way.

With respect to geotechnical analysis, it was carried out through aerial photo inter-

pretation; terrain analysis supplied by the Environmental Land Use Committee, and supple-

mented by a field trip through the area by helicopter. The geotechnical appraisal provided

preliminary data on depth of overburden on bedrock, slopes of cuts and fills over intercepting

valleys, area of unstable and compressible soils, or unusually difficult construction problems.

The information obtained from the above was used as a basis to determine cross section design

for the calculation of quantities and route location.

In regard to environmental concerns, the procedures employed could be summarized as

follows:

—In the early stages of the study, preliminary route locations were drawn on air photo mosaics

of the area. This information was passed on to the environmental co-ordinator of North East

Coal Study as an indication of possible routes through the area. The co-ordinator returned

enlarged photos and/or photo mosaics of the routes with their comments and concerns at-

tached. These comments and concerns were considered in the alignment and bridge location

and would undoubtedly affect the final route selection. Generally speaking, concern for the

environment can be accommodated with respect to alignment close to rivers and lakes, and

with either bridge or culvert construction.

Engineering Analysis

Previously, it had been mentioned that two alternate routes were studied: namely.

Chetwynd-Tumbler Ridge, and Anzac-Tumbler Ridge. For purposes of the study, "branch

line" was defined as new rail line that would be used jointly by more than one coal shipper,

while "spur line" was defined as a new rail line that would be used by only one coal shipper.

This study dealt primarily with the branch lines, although the construction costs developed

included the spur lines.

The branch lines studied, including variations to the main routes, are summarized as

follows:

( 1
) Chetwynd-Tumbler Ridge

'hetwynd South via Sukunka River. .Martin Creek. Ciwillmi Lake, and Hullnioose

River—APCUD.

—Chetwynd South Alternative via Sukunka River. Martin Creek, and Gwillim Lake

APCUND.

(2) Anzac-Tumberl Ridge

—Anzac via Hominka and Murray Rivers—KFGD.
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—Anzac via Hominka and Wolverine River (ail surface)—KFND.

—Anzac via Hominka and Wolverine Rivers (Tunnel Alternative)—KXYND.
Generally speaking, the geotechnical conditions of the study area could be summarized

as follows:

—The routes basically follow prominent valleys with sidehill cuts in rock with varying depths

of glacial till overburden. The routes frequently cross small tributary valleys which would

involve culverts and many deep fills. Only a short distance of the proposed lines was on the

valley floors.

—The surface configuration in the study area had originally been established by the weath-

ered, eroded surface of the Rocky Mountains and the adjoining East and West foothills.

Geologically recent glacial activity has modified the bedrock relief, and has deposited a thin

veneer of glacial till. Since the end of the last extensive glacial activity, the surface has been

eroded by wind, water, temperature and localized glacial activity. These have produced

incised valley slopes, water laid deposits in flatter valley floors, and has also produced a

number of significant fans or slides of rock and/or glacial till.

—The rock is mantled with a veneer of glacial till of varying thickness. The till is generally

thicker in the valley bottom and thinner up slope. Above approximate elevation 1200 metres,

the glacial till veneer is virtually nonexistent.

—Stream action has deposited granular material in the valley bottoms. Steep creeks are

generally slowly downcutting into bedrock, while streams and rivers on minimal gradient are

meandering. Meandering channels move sideward back and forth, with abandoned channels

filled with soft sediments and/or organic materials (swamps).

—Highlands, rounded surfaces at about elevation 1200 to 1500 metres, have poor drainage

characteristics.

—The main valleys are trending in a Northwest to Southeast direction and the bedding in the

sedimentary rock dips to the Southwest. Connecting valleys occur at almost 90 degrees to the

main valley.

The following paragraphs summarize the significant features of each segment of the two

main routes:

(1) Chetwynd-Tumbler Ridge

(la) Chetwynd South (via Sukunka River, Martin Creek, Gwillim Lake, and Bullmoose

River) APCUD.

—This route was approximately 100 km in length, excluding the spur lines which serviced

each mine site. The gradient was generally within the standards, except for 34 km which

was 1.52% generally along the sidehill sections of the Sukunka River and Martin Creek.

The adverse gradient was in the "empty" direction, while the remainder of the route was

within design standards.

—The soil conditions along the river floodplain consisted of lacustrine deposits with

varying in-situ water content. The sidehill sections along the Sukunka River and Martin

Creek consisted of a veneer till with bedrock close to the surface. The bedrock appeared

to be rippable.

—The soil conditions between Km 4S and Km 78 consisted of poorly consolidated and wet

glacial till requiring prc-drainagc. In addition, in the vicinity of Km 5S, an ancient slide

is in evidence which would require special attention. Further, in the vicinity of Km 60,

bedrock appeared to be near the surface, with a short length of granular till terrace.
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— In the region o( Mcikic Creek and the upper reaches of the HuNmoose River Valley, the

soils consisted ol" granular till forming terraces at various locations which would contaui

silts, sands, and gravels.

—For the remaining 17 km of the line, which follows the east side of the Bullmoose River,

the banks of the valley are steeply eroded and meandering, which would present construc-

tion difficulties.

—Conceptual bridge designs were prepared for 8 stream crossings.

—Generally speaking, this route posed some difficulties, particularly since large sections

of the grade would be on a sidehill location, i.e., along the Sukunka River Valley. Martin

Creek, and Bullmot)se River. The materials to be encountered were generallv favourable,

although certain sections were void of suitable granular material, thus requiring the

necessary quantities to be transported over long distances.

(lb) Chetwynd South (Alternative) APCUND.

—This route avoids the expensive and undesirable portion of la, namely the east side of

the Bullmoose River. The alternate route is considerably longer, but considerably less

expensive.

(2) Anzac-Tumbicr Ridge

(2a) Anzac via Hominka and Wolverine Rivers (all surface) KFND.

—This route originates at Anzac, and for the first 30 km, follows the Parsnip River Valley,

but off the floodplain, which avoids the highly compressible soils.

—In the vicinity of Km 30, the route follows the west side of the Hominka River, wherein

the valley sideslopes become steeper with small tributary streams. The bedrock is overlain

with glacial till of varying consistency and water contents. The fans located at the mouth

of the tributary streams could serve as a source of granular material. The alignment along

the Hominka Valley was a sidehill location.

—Along the upper reaches of the Hominka River Valley (Km 56—Km 80) the valley

sideslopes are steep, with prominent snow avalanche chutes. This is evidenced by trees

being removed, and in some instances, the slopes were void of vegetation, with debris

deposited at the valley bottom. Some form of snow shed or tunnels would be required in

this area. Avalanche areas were: Km 62 to Km 63, Km 66 to Km 67, and Km 74 to Km
79.

—The route along Hook Lake and the upper Wolverine River is extremely rugged, with

numerous swampy areas. The bedrock is sedimentary, with very steep bedding. Ihe

portion of the route, approximately 30 km in length, is narrow with short and deep cross

valleys.

—In the vicinity of Km 1 10, the route followed the south slope of the valley. Once again,

the valley is eroded almost to repose, and incised by a number of tributary creeks alm<ist

perpendicular to the Wolverine River. Bedrock is generally exposed, but the lower reach

of the river is mottled with varying thickness of glacial till.

(2b) Anzac via Hominka and Murray Rivers—KFGD.

—This route is similar to (2a) between Km and Km SO. where the route follows Hook

Lake and Hook Creek to the Kinuseo Falls. The topography is rugged, with a thin veneer

of glacial till overlying bedrock.

—Along the Murray River, the alignment required sidehill construction, which could he
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avoided by remaining at a lower elevation along Hook Creek, passing Kinuseo Falls with

a tunnel.

—Generally, the soil conditions along the Murrary River are favourable.

(2c) Anzac via Hominka and Wolverine Rivers (Tunnel Alternative)—KXYND.

The Upper Hominka, Upper Wolverine, Hook Lake and Hook Creek areas are very

rugged and at altitudes in the range of 1000 metres to 1 100 metres. Snow conditions are severe;

snowfall maps and aerial photographs indicate that some mountainsides experience consid-

erable avalanche activity. Extensive snow shed construction is anticipated, as itemized in

previous paragraphs.

Tunnel construction in the Hook Lake area would reduce the amount of snow shed

construction substantially, and reduce the overall length of the routes from Anzac to the coal

mine sites, and may also reduce operating problems during the winter months. Therefore, a

study was commissioned to determine the feasibility in driving tunnels. The study considered

three tunnels, with two tunnels between the Hominka and Sukunka Rivers, surface alignment

in the Sukunka Valley, followed by a tunnel into the Wolverine Valley. The tunnel proposal

would eliminate the treacherous upper Hominka and upper Wolverine Rivers. The study

covered analysis of existing geologic data, field reconnaissance surveys, and current tunnel

technology. Based on the preliminary study, the following conclusions were drawn:

—Either conventionally or mole-driven tunnels are technically feasible for any of the five

proposed tunnels.

—The sedimentary bedrock is predominantly limestone, calcareous sandstones, and

shales generally dipping moderately to steeply to the southwest.

—Generally the rock type and quality would be suitable for tunnelling, however some

faults and sheared rock would be encountered in the tunnels. Tunnels of the size required

can be predominantly unsupported, but some sections would require artificial support.

Steel ribs, concrete, shotcrete, rock bolts, or wire mesh would be used for support as

necessary.

—Further field work and laboratory investigations are required to define geologic condi-

tions. Particular emphasis should be placed on determining fault locations and character-

istics and portal conditions before the final alignment is selected.

—Some seepage water will be encountered in the tunnels, however, apart from locally

heavy flows due to faulted or sheared rock, the seepage should be nominal. Drainage

would be handled by ditches and a drainage adit located at the lower portal.

—All the tunnels would require mechanical ventilation which will be supplied by an intake

fan and exhaust fan located at the portals. The air should be heated in the winter time to

prevent ice formation.

—Costs for conventional tunnelling are estimated to be 15% less than for moled tunnels.

Information regarding tunnel design and excavation, tunnel alignments, estimate of costs

and construction schedules is available in a report prepared by consultants, entitled "Pre-

liminary Design Report. Hook Lake Railway Tunnels", dated January 24. 1977. This report

verified that tunnelling was feasible and that the projected costs of tunnels was in fact equiva-

lent to snow shed construction costs.

Construction Costs and F"inal Selection

Upon determination ot all quantities related to the construction of the branch and spur
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lines in the foregoing paragraphs, including trackwork. an estimate of costs in 1976 dollars was

determined. The unit prices for earthworks developed and used were based on B.C. Railway

experience in railway construction in northern regions. Material costs were based on current

prices provided by various suppliers, together with the current B.C. Railway estmialing

figures.

The construction costs (1976 dollars) of the branch and spur lines, including total dis-

tance, are summarized in Table 1 (this includes the branch line construction costs of the

Monkman Routes, studied by C.N. Rail).

Upon completion of the route studies and cost estimates, the Transportation Sub-

Committee engaged an independent specialist consultant to develop a rail systems computer

model and to estimate and model the rolling stock rail operation and maintenance of way

costs. In this model the coal would be transported from the mine site to Prince George, either

via B.C. Railway or C.N. Rail, and then by C.N. Rail to tidewater at Prince Rupert. The

model included for each segment, all upgrading costs, new construction costs, and operating

costs.

TABLE 1
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The construction costs of the various B.C. Railway and C.N.R. rail route alternatives and

the other costs developed by the computer model indicated that given the coal production

profile of some 8.0 million tons by 1984 and with total systems costs in 1977 "present value"

terms with a discount rate of 10%, the C.N.R.'s Lower Monkman route (Monkman I) was the

most economical alternative. B.C. Railway's Anzac route was very close; 1% more costly

using total systems costs. The Cabinet decision was to choose B.C. Railway's Anzac route

(Tunnel Alternative) as the Province of British Columbia wished to retain the McGregor River

diversion option.

As tunnelling was determined feasible, B.C. Railway engineers located a shorter route

following the Table River from Anzac rather than the Hominka River. This route was reduced

by 20 km, with the three tunnels located in the same general area. Utilizing average costs, the

reduced branch line distance would equate to a cost reduction of approximately $20,000,000.

In other words, the former Hominka and Wolverine River routes with tunnels would be

reduced from $201,500,000 to approximately $181,000,000 by following the Table River in-

stead of the Hominka River. The revised Anzac-Tumbler Ridge route via Table and Wolverine

Rivers was not considered in the computer model, but formed the basis of the Phase II study.

Anzac-Tumbler Ridge Route Design and Cost Estimate—Phase II

Introduction

On June 10, 1977, the Transportation Sub-Committee of the Management Committee for

the Federal Provincial Study of North East Coal and Related Developments requested the

British Columbia Railway Company to complete pre-construction engineering and cost esti-

mates for a railway branch line connecting with the British Columbia Railway at Anzac, some

125 kilometres north of Prince George, and terminating in the vicinity of Tumbler Ridge in

the North East Coal Study area. Spur lines would continue on from the end of the branch line

to service proposed coal mine sites at Bullmoose, Wolverine, Babcock and Sukunka. En-

gineering for these spur lines was not included in the assignment. The proposed branch line

would be 105 kilometres in length and would contain three major tunnels. The route would

originate at Anzac, follow the Parsnip River for 10 km, then follow the Table River, cross the

Rocky Mountains with 3 tunnels, each approximately 5 km in length, and then follow the

Wolverine River.

The original terms of reference for the assignment required the completion of pre-

construction engineering and cost estimates by September of 1978. Plans, specifications and

contract documents were to be completed to a stage ready for calling construction tenders in

the event that a decision was made to proceed with the project.

Work on the project proceeded in accordance with the above objectives until February

of 1978 when, as a result of changing market conditions for coal, a decision was made to "wind

down" the engineering for the project. Work which was already in progress, such as alignment

plans and profiles, conceptual designs for bridges, quantity estimates, cost estimates, sched-

ules, etc., would be completed, but no further field work would be undertaken. A limited field

reconnaissance would be made in the summer of 1978 to inspect the proposed sites for bridge

crossings, major embankments, etc., and to identify any major problem areas.

After completion of this assignment in the fall of 1978, no further work was carried out

until 1980. With renewed interest in coal, and a revised estimate of initial tonnage of coal to

be shipped (7.7 million tonnes) the 1978 cost estimated was requested to be updated. In

addition, the branch line was extended from Km 105 to Km 130 in the vicinity of the Quintette

Loadout area (Babcock and Wolverine mines). It was planned to have three mines in opera-

tion; namely Babcock, Wolverine and Bullmoose. The Babcock and Wolverine, operated by

Quintette Coal, would have the coal transported from the mine site to a common loading
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facility in the vicinity of Km 135. while the coal from the Bullmoose mine, operated by Teck

Corp.. would be transported to the Railway in the vicinity of Km 1 15 (the portion of the line

between Km 130 and Km 135 was designated as a spur line, which would be the responsibility

of Quintette Coal).

The work was carried out under the direction of an engineering project management

team, operating within the Engineering Department of the B.C. Railway. Engmeering person-

nel within this Department were utilized as fully as possible, and. except for consultive services

relative to tunnelling, hydrology, mapping, and terrain analysis, were fully responsible for

completing the route location and alignment, evaluation and application of geotechnical data,

conceptual design of bridges, some field testing, quantity estimates, cost estimates, and

construction schedules.

Route Location and Design

Alignment and Roadway

The initial alignment for the proposed branch line was laid out on 1 in 50.000 scale

government topographic mapping. In order to prepare detailed location plans and reliable

quantity estimates, it was necessary to complete mapping to a larger scale and to a higher

degree of accuracy. This was done by conventional methods with ground control surveys and

mapping from aerial photography. Topographic maps were prepared to a scale of 1 in 2.000,

with a contour interval of 2 metres. The accuracy of completed map sheets was specified to

meet the following standards:

—All basic information concerning the datum of the map, such as survey monuments,

triangulation stations, traverse stations, projection and grid information to be within 0. 127

mm of its calculated position.

—Ninety percent of all well defined features to be located within 0.64 mm of their

calculated positions, with no features in error by more than 1.27 mm (except features

unavoidably displaced by symbolization).

—Contour interval to be 2 metres with 90 percent of all contours accurate to within

one-half of the contour interval.

—Ninety percent of all spot heights to be accurate to within one-quarter of the contour

interval.

Horizontal datum for the mapping is U.T.M. (North American. 1927) and vertical datum

is mean sea level, both as established by the Geodetic Survey of Canada.

A terrain analysis along the route of the proposed branch line was prepared, based on

interpretation of aerial photography with limited field reconnaissance. A report was prepared

which presents a geotechnical evaluation of the terrain units expected to be encountered along

the route which included terrain mapping on photographic aerial mosaics.

The terrain analysis report, in conjunction with additional information obtained from test

pits and test holes, and from field observations along the route, has been used as a general

guide in establishing the final location of the line, and in the preliminary design of earthwdrks.

identification of unsuitable materials, location of borrow area. etc.

For detailed information relating to the terram analysis, reference should be made di-

rectly to the original report entitled "North East Coal Fields Railway study. Terrain Analysis.

Table River—Wolverine River Route" dated October. 1977. A number of general conclusions

from the report are noted below:

—Snow and rock avalanches and landslides will be hazardous in the Upper Table River.
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especially from Km 42 to Km 5 1 ; in the Sukunka Valley near Km 63 to Km 66; and in the upper

Wolverine River near the exit portal of tunnel #3.

—Landslide potential exists along the Parsnip River, especially near Km 6 and Km 10.

therefore, deep cuts and high fills, in excess of 3 m, should be investigated for evidence of

ground movement.

—Sideslopes in glaciolacustrine soils may encounter internal drainage problems, and slope

angles may required flattening from 2:1 or 3:1 slopes.

—Ditch design should accommodate moderate to heavy sediment loads.

—Fine grained glaciolacustrine deposits in the Parsnip River Valley are expected to be unsuit-

able for grade construction; however, in the upper Table River they may be suitable for grade

construction.

—Granular borrow may be available from all alluvial fans and terraces, although fans may be

sandy with significant fines, and terraces are expected to be bouldery.

—In areas of glaciolacustrine materials or in wet tills, sideslopes flatter than 2:1 may be

required.

—Investigation by hand held power auger is generally unsatisfactory in determining sub-

surface conditions in glaciated terrain.

A test pit program was carried out during November of 1977 along the first fourteen

kilometres of the proposed route. The purpose of this program was to verify the terrain

analysis, provide grade design data, and investigate the potential borrow areas. The program

utilized a rubber tired backhoe and crawler bulldozer. Thirty-eight test pits were dug to a

maximum depth of 4.5 metres and samples collected for laboratory testing. Soils tests included

water content determinations, Atterberg Limits tests, and sieve analysis.

In addition to the test pits, seventeen holes were drilled using a hand power auger in

places inaccessible by backhoe. The maximum depth of these holes was 2.4 metres, and the

average depth was approximately 1.5 metres.

The first fourteen kilometres of the proposed route was assessed visually in the field for

drainage, vegetation and slope conditions.

All field operations were subject to approval by the B.C. Department of Lands and

Forests. The Forest Ranger requested that disturbance to plantation be kept to a minimum;

consequently no test pits were dug in any planted areas.

Field surveys of the proposed route were commenced in August of 1977 and continued

to early December, when the work was closed down due to winter conditions. The survey

program involved:

(1) Cutting line P.I. to P.I.

(2) Setting centreline stakes every 25 metres and at all breaks.

(3) Setting hubs at all P.l.'s.

(4) Setting a hub at the beginning and end of each curve.

(5) Setting points on tangent (P.O.T.) as needed.

(6) Taking cross-sections at all breaks with a maximum spacing of 300 metres.

(7) Setting benchmarks at approximately 200 metre spacings.

(8) Take centreline profile.
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(9) Reference P.I.'s and selected P.O.T.'s.

(10) Field draughting of all pertinent data.

Survey of the line was completed up to Km 20 and between Km 22 and Km 29. Centreline

profiles, cross sections and benchmarks were completed to Km 17. No further surveys were

carried out until the fall of 1980.

The environmental impact of the proposed Anzac—Table—Wolverine route was studied

by various personnel from the Environment and Land L'se Sub-Committee on N.E. Coal

Development. A letter dated March 3, 1978, from Mr. Raymond L. Crook, Secretary of the

Sub-Committee, comments as follows:

"In general, the route shown is as well located as could be expected from an environ-

mental standpoint, given topographic constraints within the corridor. Consequently, we are

not recommending any route adjustments at this time. We would like to make special mention

of the fact that the proposed Table River bridging site is preferred to any site further down-

stream in order to minimize aquatic, wildlife and recreational impacts. Our attached com-

ments are largely concerned with secondary impacts and design refinements."

Significant items of concern noted in the environmental report are as follows:

Erosion of lacustrine soils along the Table Valley as a result of concentration of surface

runoff.

—Site restoration if gravel is extracted from the large fan in the Table Valley.

—Treatment of tunnel spoil dumps to reduce visual impacts.

—Siting of construction camps in the Sukunka Valley to minimize impacts.

—Protection of an important mineral lick in the Wolverine Valley.

—Preservation of as much as possible of the meadowlands in the vicinity of the John Terry

homestead (Wolverine Valley).

The grade and track standards used were the same as for the Phase I study, except for the

following:

—^The maximum gradient recommended in the feasibility study (

1

.2^4 compensated) had been

relaxed to permit a 1.5% compensated grade in the direction of unloaded traffic. This resulted

in significant savings in construction costs and will not adversely affect the operation of unit

trains.

—Gradients through tunnels have been restricted to a maximum of 75'"^ of the ruling grade

as recommended by the American Railway Engineering Association (A.R.E.A.). Minimum

grades of 0.2% have been used in tunnels to facilitate drainage.

The methodology employed in route location, design and estimate of quantities can be

summarized as follows:

—Final centreline locations and profiles were established by conventional methods from the

1 in 2, ()()() scale mapping. Tentative alignments and profiles were plotted and quantities

calculated, this process being repeated with progressive adjustments until an acceptable align-

ment and balance of quantities was achieved.

—Geotechnical evaluation proceeded simultaneously with the location work, using available

data from the terrain analysis test pits and field observations. This evaluation was used as a

basis for tentative classification of materials, and for establishing rt)adway side slopes, strip-

ping requirements, waste of unsuitable materials, borrow pits, etc. Much of this will require

further confirmation and will required continuous review and adjustment during construction.
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—Plans and profiles for the proposed route were prepared. The roadway cross sections used

in the design are numerically coded and are cross referenced to the typical sections and details

sheet.

—Earthwork quantities were computed using the design cross sections referred to above, and

cross sections of the existing ground scaled off the plans. Sections were taken at 50-metre

intervals and at obvious breaks in the ground. Volume quantities were calculated by the

"average end area" method. Calculations were done by computer and the calculated quan-

tities were recorded and totalled, station by station, on the computer printout.

—A separate "stripping" program was used to calculate quantities resulting from stripping and

waste of unsuitable materials. The depths of stripping required were estimated from the

geotechnical data and varied from up to 2 metres in areas with organic overburden to zero in

rock.

—Clearing quantities were calculated using a minimum width of 15 metres on either side of

the grade centreline, and increasing by 10 metre increments as necessary to accommodate the

grade cross section.

—Solid rock quantities were increased by a factor of 8% to allow for overbreak. An expansion

factor of 30% was used for rock used in embankments.

—A shrinkage factor of 15% was used for "other material" used in embankments.

—Overhaul quantities were calculated by the use of mass haul diagrams. Based on the unit

prices used in the estimate, the maximum economical haul distance is 3 kilometres. Beyond

this distance it is more economical to "borrow" material which is close at hand than to

overhaul excavated material.

—Corrugated steel pipe culverts have been provided to accommodate stream flow and local

drainage through embankments. Culvert sizes range from 762 mm to 2740 mm depending on

the amount of predicted runoff. Estimated peak runoff has been taken from the graphs

developed by hydrologists, using drainage areas measured from 1 in 50,000 scale mapping.

Culvert pipes have been sized to carry the predicted 25-year peak runoff with no static head

at the culvert inlet. Design has been based on Manning's Formula using an entrance loss

coefficient of 0.9.

—Generally speaking, culverts would be installed to suit the existing stream bed alignment and

gradient wherever practicable. A minimum inlet gradient of 0.5% should be provided to

prevent sedimentation. In steeply sloping areas, a maximum gradient of 1% has been used to

control outlet velocities and a flume has been provided at the outlet end to prevent erosion

and scour.

—Provision has been made for rip rap at culvert inlets and outlets with estimated quantities

as follows:

Culverts 762 to 1219 mm 24 m'

Culverts 1524 to 1829 mm 35 m'

—Yards, sidings and maintenance camps were proposed at locations to facilitate the operation

and maintenance of the branch line. Major sidings, 2440 metres in length, were provided at

intervals of approximately 30 kilometres to permit passing of unit trains. These sidings also

include a 760 metre long backtrack for offsetting bad order (disabled) cars, maintenance

equipment, etc.

—For construction purposes a V.H.F. (Very High Frequency) mobile radio channel will be set
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up to serve contractor and field staff during the construction stage. This system will tic into

the existing system at Prince George.

—A permanent communication system will be installed during the construction period. This

system will be a microwave system similar to that existing on the B.C. Railway to provide for

railway operation. This system will allow for a cab signal control system over the branch line

between Prince George and the mine sites.

A brief description of the terrain, soil, and drainage conditions as determined through

terrain analysis and as presently known, as well as a brief design commentary, are summarized

in the following paragraphs:

—Parsnip Section Km ()—Km 3

The soils along this valley wall appear to be wet, seepage prone, consisting of silts and

sands, overlain by thick deposits of gravel. The grade follows along the toe of this wall,

in small fills for most of the way, avoiding sloughing, sliding and active erosion from this

shaded side of the valley.

Fills will be constructed primarily from granular borrow from designated borrow pits.

Cuts may be difficult to excavate, requiring complete pre-drainage with catchwater

ditches, and possibly engineered sub-drainage schemes.

—Lower Table River Section Km 3—Km 28

The terrain along this section consists of alluvial floodplains containing wet gravels

and sands, sometimes overlain by shallow organic deposits; or sidehills consisting of fine

grained glacial moraine or colluvial soils. The sidehills are prone to some erosion, es-

pecially in the large zones of lacustrine silts; and heavy seepage from within the till soils

is prevalent. Foundation conditions are good over the majority of this section.

The grade is on shallow fills constructed of granular borrow over most of the flood-

plain regions; and on balanced cut and fill on the sidehill sections. Allowances for strip-

ping, waste material, and loss are required for the balanced portions of construction.

For construction over the organic areas, a fill design incorporating a subgrade width

2 m wider than the standard S m is recommended, with a geotextile separation membrane

or a heavy brush mat between the organics and the fill materials.

Sideslopes are generally designed at 1 '/:: 1 for granular cuts and fills; 2: 1 for colluvium

and finer grained cuts and fills.

—Upper Table River Section Km 28—Km 54

This section of grade is sidehill cuts and fills throughout. Soil conditions are mostly

fine grained glacial moraines and colluvium; with sections of wet lacustrine silts between

Km 32 and Km 42. and large areas of silty sand and fine sand beyond Km >0 Bedrock

underlies the till beyond Km 32 at varying depths, from near surface hi several metres.

Small alluvial fans and terraces consisting of sands and gravels cross the route align-

ment where major creeks arc situated along this section, providing good sources of

granular borrow material.

Drainage problems related to the high seepage along soil-rock contact zones, and

high in-situ moisture content within the silts, will require thorough pre-draining and

possibly subdrain installations alter they are excavated.

Fill designs recommended are for l'.:! sideslopes in eranular soils and blasted rock.
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and 2:1 in sillier morainal and colluvial soils. Rock backslopes are excavated to angles

ranging from vertical, for competent rock, to as flat as 64 degrees for less competent rock

where structural weaknesses dictate the excavation angles.

Within this section of grade, a zone of high avalanche hazards must be crossed.

Avalanche occurrences range from frequent seasonal events to less frequent events which

may occur only once every 10 years. To protect the railroad grade, attempts were made
to keep the grade in fill through the worst sections of activity, or to install protective dykes

within the avalanche chute to deflect or dissipate the high energy, moving snow. Snow-

sheds may be necessary in one or two isolated areas.

The soil conditions beyond Km 50 change from the steep, rubbly, sidehill terrain to

a more silty, sandy lacustrine environment where it is expected that erosion of sideslopes.

ditches and catchwater ditches may be a serious problem. To counteract the problem,

ditch baffles, stone paving of ditches and slopes, and seeding may be required.

-Sukunka Valley Section Km 64—Km 71

The terrain in this section of grade, linking the major tunnels on the route, consists

of lacustrine valley bottom soils which are soft, wet, normally consolidated deposits of

signiflcant depth. Since these soils generally are low in-situ strength and are very sensitive

to disturbance during construction, it is recommended that excavations should be min-

imized. Due to the compressibility and low shear strength in areas of embankment, the

attempt was made to minimize the height of fills.

Designs recommended are for 3:1 sideslopes in cuts higher than 1.5 m and 2:1 in

smaller cuts and in sub-excavations, and 2:1 in all fills. Small fills and all excavation areas

may require the application of geotextiles on the subgrade before All or sub-cut backfill

material is placed. To protect backslopes from erosion, a thin layer of blasted rock should

be placed over all excavated backslopes.

-Upper Wolverine River Section Km 77—Km 98

The grade in the upper Wolverine Valley follows a moderately steep, glaciated valley

wall comprising colluvial and morainal soils. The soils appear to be well drained silty.

gravelly tills for the most part, with some small, silty. granular terraces and aprons along

the major drainage courses. Bedrock, ranging from weaker shales to harder sandstones

and limestones, underlies the overburden at various depths ranging from surface outcrops

to several metres deep.

Fill designs recommended are l'/;:l in granular, alluvial borrow materials, and be-

tween l'/;:l or 2:1 in silty, till like soils in excavations. Cuts in bedrock may vary from

vertical to 64 degrees depending on the structure of the rock.

-Lower Wolverine River Section Km 98—Km 120

Near Km 98. the grade levels off from the descent down from the tunnels, and follows

the floodplain of the lower Wolverine River. The soils to be encountered range from

sidehill gravelly silts and tills, to alluvial gravels and sands in the valley bottom. Some deep

organic zones, in areas where the river had been meandering, will have to be crossed. The
granular soils of the floodplain appear to be generally well drained and will make excellent

borrow material for Alls. The sidehills may present some seepage areas, and zones of high

in-situ moisture content.

-Murray River Section Km 120—Km 130

The grade ascends the valley wall on the east side of the Murray River, crossing some
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fairly large erosional gulicys. The soils appear to be mostly well drained silts and silty

gravels. No major seepage or moisture conditions are anticipated along this section of

grade.

Sidehill cut and fill designs incorporating local materials for fills have been recom-

mended, using 2:1 sideslopes for all but the most granular soil types, where l'/::l side-

slopes should be adequate.

Tunnels

There are three major tunnels along the route with lengths of 4377, 4740 and 3906 metres

respectively (between Km 55 and Km 77). Feasibility studies and preliminary design studies

have been carried out for the tunnels, including geologic mapping along the route of the

tunnels and test drilling in the vicinity of the portals. In general, tunnelling conditions are

expected to be good, although some faults and sections of poor rock will be encountered.

The tunnels would be horseshoe shaped to suit railway clearance requirements, and would

be constructed by conventional drilling and blasting methods. The tunnels would be substan-

tially unsupported, other than for rock bolts and wire mesh, over about 7()'"r of the length. The

remaining 30'~f would require varying degrees of support. Support systems would include

reinforced shotcrete lining, steel frames, or, in the worst sections, steel frames and concrete

lining.

Additional test holes will be required and a considerable amount of engineering planning

and design will be necessary before construction of the tunnels can proceed.

In addition to the three major tunnels, two short tunnels, 360 and 410 metres in length,

are required at the upper end of the Wolverine Valley. Alternatively, open cuts some 42

metres in depth may be used at these locations.

During this study the work performed covered portal investigations and geologic map-

ping. This consisted of test drilling at each tentatively selected portal site to establish depths

of overburden and quality of rock. In addition, a general assessment of geological conditions

along the route of the tunnels was made based on surface observations, air photo inter-

pretation, and test drilling results at the portals.

In general, the test holes drilled encountered rock at the selected portal sites at depths

ranging from 5.5 to 21.2 metres. The quality ot rock encountered at the portals ranged from

"poor" to "excellent"; the poor rock being generally near the surface and expected to improve

with depth. Water pressure tests at selected holes indicated the rock to be generally watertight.

Further comments relative to the tunnels investigated are summarized as follows:

—Investigations by drillholes indicate that there is very little weathering ol the bedrock

surface, either exposed or buried under soil deposits. It can be anticipated that fresh rock will

be found at or very near the bedrock surface in portal excavations.

—The quality of rock for tunnelling is generally good. Approximately 70 percent of the total

length underground is assumed to be in rock of good to excellent quality, and about 20 percent

in rock of fair quality. The remaining 10 percent of the total length of tunnels is assessed to

be generally unfavourable ground. The zones of unfavourable ground are mainly related to

faults and fractures induced by folding. Some zones of unfavourable ground have also been

predicted in zones of shallow cover near the portals.

—In general, the best rock quality is found in Tunnels 1 and 2. while funnel No. 3 is in an area

of younger, and generally less competent rocks. On the other hand, the worst fault-related
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unfavourable ground is predicted in Tunnel No. I , as the alignment crosses a major regional

thrust fault dipping at a shallow angle with the horizontal.

—The rock in fault zones is expected to be fractured and mechanically deformed, but not

chemically altered to a significant extent. Thus, fault zones will probably be characterized by

closely spaced fractures and fault breccia, rather than by fault gouge.

—Tectonic stresses locked in the rock may give rise to "popping" or yielding rock in the tunnel

sections through the core of mountain ranges. However, it is anticipated that such conditions

will only arise locally, and that they can be handled with conventional support methods.

—Generally high water tables are anticipated in the rocks overlying the tunnels, due to the

high precipitation and snowfall in the area. As a result, high piezometric heads probably exist

at tunnel level, particularly in the areas of deep cover. However, all the rock types to be

encountered by the tunnels are expected to be relatively watertight, and no major water

inflows are anticipated in any of the tunnels.

Tunnels 1, 2, and 3 will require forced ventilation to meet air requirements for diesel

engine combustion and cooling, and to purge the tunnels of diesel exhaust fumes. No venti-

lation will be required for Tunnels 4 and 5. Considerably more study is necessary to fully define

the requirements and to develop working designs and cost estimates.

Tunnel support systems recommended are summarized below:

—Steel Ribs: 203 mm x 203 mm WF by 71.5 kg steel beams will be used to give support in

areas of weak rock. These ribs should be made from I-beam structural steel to conform to the

requirements of the tunnel cross section. Timber will be used as lagging and blocking between

ribs.

—Concrete: Cast-in-place unreinforced concrete will be required in areas of weak rock. The

concrete will encase the steel ribs.

—Rock Bolts: 25 mm diameter grouted rock bolts installed in the arch of the tunnel will be

the most common type of support used in the tunnels. The bolts will be 1.5 to 3.0 m long.

—Shotcrete: 50 to 100 m layers of shotcrete will be used for support and will also prevent

spalling or slabbing of the rock. 50 mm x 50 mm x 12 gauge mesh will be used for reinforcing.

—Grout: Contact grouting would be used behind the concrete lining to fill any voids above the

crown. Grouting may also be required to control water inflow.

—Wire or chain link mesh and anchor pins: 50 mm x 50 mm x 12 gauge wire mesh held in

place by 25 mm diameter x 0.5 m long anchor pins would be used on the arch to contain

fragmented rock.

Bridges

The proposed railway branch line from Anzac to Tumbler Ridge will require a number

of bridges. In this regard, conceptual designs have been prepared with cost estimates based

on these conceptual designs. All bridges will include ballasted decks.

Design standards for the proposed bridges are generally in accordance with current

American Railway Engineering Association recommendations. Design loading is Cooper's

E-80 in accordance with current practice. Concrete ballasted decks are proposed for all

bridges. These are more costly than conventional open timber decks on steel trusses and steel

girder spans, but arc justified on the basis of easier track maintenance, less risk of fire, better

riding qualities and better distribution of axle loads to the bridge support structure. In the case

of pre-stressed concrete box girder spans, the girders themselves provide the ballasted deck
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section. A one metre wide walkway with guard rail is required along one side of each bridge

for the use and safety of operating and maintenance personnel.

Pre-stressed concrete box girder spans are proposed for the smaller low level stream

crossings. These are economical for span lengths up to about 16 metres and have been used

extensively by the British Columbia Railway over the past several years for replacement of

obsolete timber structures. They have given excellent service and are virtually maintenance

free. Each span consists of 3 box girder sections 1 .314 metres in width with depth to suit the

span length.

The girders are bolted together laterally and grouted so that they act together as a single

unit. A one metre wide steel walkway with handrail is supported on steel brackets bolted to

the sides of the girders. Where foundation conditions permit, girder spans will be supported

on steel H-pile piers with concrete caps. This type of pier is economical and minimizes the

amount of concrete and field labour during construction.

Conventional structural steel trestles are proposed for the high level structures in loca-

tions such as Km 32 and Km cSO. Deck plate girders would be of welded construction with

composite acting concrete ballasted decks. Girders would be supported on braced steel towers

with concrete footings.

Steel deck plate girders with composite acting concrete ballasted deck would be used on

such bridges as Table River, Km 28. Piers would be of conventional concrete construction and

will be supported on steel H-piles, depending on foundation conditions.

The Parsnip River crossing will consist of conventional structural steel through truss spans

with a concrete ballasted deck. Concrete piers and abutments will be founded on steel H-piles.

With respect to the Parsnip River Bridge, the effects of the McGregor Diversion had been

considered (i.e. increased flow in river).

In this study, 12 bridge sites were considered and conceptual designs and cost estimates

developed. With the exception of the Parsnip River Bridge, all bridge sites were under the

direct supervision of the B.C. Railway Engineering Department.

Hydrology

The Anzac to Tumbler Ridge railway branch line follows, for the most part, along the

drainage courses of the Table and Wolverine Rivers. The Table River is on the westerly slope

of the Rocky Mountains and drains west into the Parsnip River. The Wolverine is on the

easterly slope and drains east into the Murray. A short section near the middle of the branch

line crosses over the valley of the Sukunka which drains north into the Pine River. The

principal river crossings are over the Parsnip and Table, with a smaller crossing over the

headwaters of the Sukunka. In addition, the line crosses over numerous smaller streams with

drainage areas varying from a fraction of a square mile to about 102 square kilometres.

The purpose of this exercise is to provide an estimate of the probable maxnnum dis-

charges (25 year return period) for the drainage courses along the route for use as a guide in

proportioning drainage structures (culverts) and minimum waterway openings for the smaller

bridge structures.

Stream flow records in the area covered by the project are scarce and, in the case of

smaller streams, are virtually non-existent. In addition, the opportunity for making field

observations which would be helpful in estimating stream discharges has been limited.

Accordingly, it has been necessary to rely mainly on available rainfall records, drainage

areas, and empirical runoff formulae as a means for predicting maximum runt>(f. The pro-
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cedure used for developing maximum runoff curves is summarized below.

—Representative streams were selected from the Table River and Wolverine River drainage

areas. Drainage areas for the selected streams were then determined from 1 in 50,000 scale

mapping.

—Rainfall intensity curves were plotted using records and charts compiled by the Meteoro-

logical Branch of the Federal Department of Transport.

—Using the information from above, calculations were made using 3 different empirical

methods to determine the 25 year discharge, i.e., the discharge likely to be equalled or

exceeded once very 25 years. The empirical methods used were:

(a) The Rational Method.

(b) The Snyder Synthetic Hydrograph Method.

(c) The Soil Conservation Service Method.

Details of these methods can be found in the "Handbook on the Principles of Hydrology"

published by the Secretariat, Canadian National Committee for the International Hydro-

logical Decade, (available from the National Research Council of Canada) or in other stan-

dard hydrology text books. Where the methods used required judgment in the selection of

runoff or other empirical coefficients relating to terrain characteristics, etc., conservative

values were used. The discharges calculated by these methods were plotted against drainage

areas to logarithmic scales.

—On a similar graph to that noted above were plotted values of actual maximum recorded

discharges at a number of stream gauging stations located in the broad general area of the

project and believed to be more or less representative of conditions in the area under study.

These values were taken from the Water Survey for Canada Historical Stream Flow Summary
for British Columbia to 1973; compiled by the Inland Waters Directorate of the Water

Resources Branch. Environment Canada.

After all of the above discharge values were plotted on the graph, a line was drawn in such

a way as to encompass the majority of the maximum discharge points, both calculated and

recorded. The reasoning behind this procedure is that, while some of the calculated discharge

values may be too high, it is better to be conservative until more reliable records are available.

Construction Costs and Schedules

Upon completion of the study in 1978, a cost estimate was prepared, with pricing devel-

oped on the following basis:

—The unit prices used in estimating construction costs for the railway grade were based on a

detailed contractor type estimate which was prepared for a 24 kilometre section of the grade

from Anzac to Table River. The unit prices are considered to be representative over the

complete project with the exception of clearing and grubbing. It was assumed in preparing the

estimate that the work would be completed during the 1978 construction season so that the

estimate reflects current 1978 prices.

—The prices used for estimating track structure costs have been developed by the British

Columbia Railway and were based on current 1978 costs.

—Prices used for supply of culvert materials were based on current 1978 manufacturers" prices.

—Tunnelling would be by conventional methods and would proceed from both ends of each

tunnel. The unit prices used in the estimate were based on records of actual prices bid for other
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tunnelling projects, with adjustments made for location of work, cost escalation, probable

tunnelling conditions, etc. The probable accuracy or degree of reliability of the estimate is

dependent on a number of factors which are itemized below:

—The overall length of the tunnels is known to within one or two hundred metres so that the

actual tunnel excavation required (excluding overbreak and sections requiring support) is

known with considerable accuracy. This item amounts to about 45 percent of the total cost of

the tunnels. A number of other items, on the other hand, have not been investigated in any

detail so that there is a greater degree of uncertainty in the allowances made for these items.

Such items include tunnel ventilation, lighting, electric power, construction work sites, camps,

supply of concrete aggregates, etc. These items amount to perhaps 20% of the total cost.

—The rock conditions which will be encountered during tunnelling, the extent of fault zones,

the probable water inflow, etc., have been evaluated from an examination of the surface

geology and from a comparatively small number of test holes. Accordingly, the estimate for

such related items as steel support ribs, concrete lining, shotcrete, rock bolts. grt>uting.

handling water, etc., has been arrived at with a considerable amount of engineering judgment.

These items amount to about 35 percent of the total cost. While it is believed that the

allowance made for these uncertain items is conservative, it should be recognized that the total

cost of the tunnels is sensitive to the actual rock conditions encountered, particularly as these

conditions may affect the lengths of the tunnels requiring structural support or concrete lining.

—The estimate for the Parsnip Bridge has been based on recent bid prices for a comparable

structure in the Prince George area with a price adjustment made to allow for the location of

the work. The unit prices used in estimating the remaining structures are summarized as

follows:

Pre-stressed Concrete Spans, supply (per metre of bridge) $1.160'm

Delivery, handling and erection (average, per metre of bridge) 1,250 m
Steel walkway 260 m

Total $2,ftf>0m

Steel H-Piling, in place $ 90/m

Concrete (including forms and reinforcing)

Piers and abutments, under 100 m' $ 450/m'

Piers and abutments, over 100 m^ 4(M)/m'

Concrete decks 600/m

Precast concrete planks for abutment wing walls

Lump Sum. 2 abutments $ 4.(KK1.00

Structural steel, including supply, fabrication,

delivery and erection $ 2.10/kg

—Since most of the bridges are comparatively small, and contractor's fixed costs (mobili-

zation, camps, transportation, etc.) will be high in relation to labour and material costs, a lump

sum mobilization allowance of $30.(K)() to $70. (MK) has been provided for each crossing,

depending on location. Based on the unit prices given above, the above cost for the standard

pre-stressed concrete girder bridge works out at about $6,.MXI per metre of length of bridge,

including engineering and contingencies.

—Engineering, construction and supervision, and contingencies were determined on a per-

centage basis, generally 6% and 159f respectively.

The estimated costs of construction developed in 1978 dollars for the 105 km branch line
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which covered grade, bridges, access roads, maintenance facilities, trackwork, and tunnels,

were as follows:

Clearing and grade construction $ 63,770,000.00

Tunnels 88,400,000.00

Bridges 7,838,000.00

Track structure 19,073,000.00

Operating and maintenance facilities 10,833,000.00

Total $189,914,000.00

The length of time required for construction of the proposed branch line will depend upon

the time of year that a go-ahead decision is made. The proposed schedule indicates a three-

year construction period and assumes a start date of January 1 of any year and normal

conditions with respect to labour, material availability and weather. To maintain the proposed

schedule, it is also assumed that a project management team will be assembled prior to the

January 1 date. Construction of grade, access, bridges and tunnels will proceed at varying

times during the first construction season and continue until completion of the work.

Critical items in the schedule are access roads. Parsnip Bridge and tunnels. Any delay in

these items would seriously affect the proposed schedule.

In 1980, with renewed interest in marketing coal by the three mines, namely Bullmoose.

Babcock and Wolverine, the construction costs were reviewed. There was concern expressed

by the prospective coal producers and government officials in the high risk of tunnel construc-

tion. An independent review of the feasibility of tunnel construction, and costs, was carried

out. Further, in extending the original 105 km branch line to Km 130, in the vicinity of the

Quintette Loadout area, a cost estimate to construct an additional 25 km was prepared and

estimated to be approximately $30,000,000. Taking into consideration the escalation of costs

since 1978, independent review of tunnel costs and extending the branch line by 25 km, the

cost of the branch line in 1980 dollars was $310,000,000. The tunnel costs at this stage

represented approximately 45% of the total project cost.

Final Design and Construction—Phase III

General

In the negotiations carried out in 1980 between the prospective coal producers. Govern-

ment officials, and Japanese authorities, the date of commencement of coal shipment was set

at December 1, 1983. To achieve this, the installation of the infrastructure was to be com-

pleted, which consisted of the development of a new townsite of Tumbler Ridge, development

of the mine sites and processing plants, construction of a highway between Chetwynd and

Tumbler Ridge, construction of the railway between Anzac and Tumbler Ridge, and the

development of port facilities at Prince Rupert.

Since the negotiations were progressing rather favourably, by mid-July. 1980, upon

recommendation of the British Columbia Railway, the Government of British Columbia was

persuaded to commit funds to carry out essential engineering designs and development of

contract documents in order to keep the project on the critical path and still meet the

completion date of December 1, 1983. The items that were considered to be critical were:

investigations and design of the tunnels, construction of all access roads along the Table,

Sukunka and Wolverine Valleys, and investigations and design of the grade from Km to

Km .30.

By September, 1980, consultants were engaged to carry out the necessary field investi-

gations and final designs for the tunnels which would be used for preparation of contract
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documents and cost estimates. The field drilling and mapping programs were concluded in

December. 1980. Designs, contract-type cost estimates and final reports were concluded in

April. 1981.

In the tunnel investigations, it became apparent that the depth of overburden at the east

portal of Tunnel No. 1 would be substantial (greater than 50 metres). Consideration was given

to combining Tunnels No. 1 and No. 2 and having one long tunnel. The final decision was to

cross the Rocky Mountains from the Table River Valley to the Sukunka River Valley with a

9.0 km tunnel (Table Tunnel). Portals at all other locations were confirmed, generally in the

same locations as recommended in the 1977-78 study (Phase II).

Field investigations and surveys for the first }() km of grade commenced in the fall of 1980

and was concluded in the spring of 1981, which included detailed design and preparation of

contract documents.

With respect to the access roads, contract documents were prepared in December, 1980.

using all available data, with only field reconnaissance survey. Forest Service standards were

utilized in the design of the access roads. Contracts were awarded in January. 1981. to

construct 25 km of access road in the Table River Valley and 27 km in the Sukunka River

Valley which would provide access to the Table Tunnel portals and west pcirtal of the Wol-

verine Tunnel. These access roads would be extensions to existing forestry roads. Construction

also included the construction of a number of bridges. Completion of access road construction

was scheduled for August 15. 1981. The Wolverine access road, approximately 20 km in

length, was less difficult, and preparation of contract documents and construction was sched-

uled for mid- 198 1.

Agreement in principle was reached in mid-December. 1980. between the Government,

coal producers, and Japanese interests. With this agreement, the B.C. Railway Engineering

Department was requested to form a project management team (task force) and proceed with

all phases of design, contract document preparation, and construction. The project manage-

ment team was formed utilizing existing B.C. Railway Engineering staff and supplemented by

consultive services and new employees.

With the data developed in previous studies and information obtained currently such as

geotechnical investigations and design for the first .^0 km of the grade, tendered price to

construct the Table and Sukunka access road and tunnel investigations and design and cost

estimates, a budget was developed in April, 1981, dollars. The April. 1981, budget was further

adjusted by applying a \7( inflation rate per month on the schedule of planned expenditures

over the life of the project, giving an 'in-place" budget (see Table 2). In developing these

costs, the grade and track standards used previously were applied with the exception that the

weight of rail was reduced from 136 lbs. to 115 lbs. which was based on annual traffic

projections of 7.7 million net tonnes.

Present Status

Access Roads

Construction of the lable River and Sukunka River access roads commenced m January.

1981, and were concluded in the fall of 1981. On account of poor weather conditions, poorly

drained soils and inability of the contractor to react positively to conditions encountered, the

scheduled completion of the Sukunka River access road was not achieved until late fall. 1981.

Construction of the Wolverine River access road commenced in July and was concluded on

schedule. The Table River access road was completed on schedule, although surfacing (placing

granular material) continued into late fall. The access roads will be all weather roads, although

maintenance requirements may be extensive in certain sections.
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with tendering scheduled for the current year and completion of construction by mid- 1983.

Major structures are being carried out by consultants, while the smaller structures are being

designed by B.C. Railway engineers.

Tunnels

Concurrent with the construction of the access roads, design and construction of the grade

and bridges, design and preparation of contract documents for the tunnel camps, the portal

excavations were started in early 1981 and concluded by mid-1981. Three camps to be oc-

cupied by contractors were constructed, initially to 50'^r of expected capacity, and located at

Km 50 to serve the Table West Heading. Sukunka Valley to serve the Table East and Wol-

verine West Heading, and Km 78 to serve the Wolverine East Headings. This would enable

the tunnelling contractors to mobilize immediately following the award of contracts and

commence driving. Portal contracts were awarded, and construction commenced in the fall of

19S1. and were substantially completed by March 1, 1982.

Seven tenders were received and opened on September 25, 1981. to drive the Table and

Wolverine Tunnels. Four contracts were awarded on December 9, 1981, for construction to

proceed from four headings. It should be noted that all bidders were pre-qualified in June,

1981, followed by a site visit and briefing, all prior to preparation of bids.

Currently, all contractors are in the process of mobilization, and tunnel driving will

commence by April 1, 1982. Completion is scheduled for September 1. 1983.

Design of the ventilation systems is presently being concluded which involves a system of

fans to provide cooling for locomotives and exhaust the tunnels alter the train has passed

through. Doors are planned for each tunnel, with the doors being located at the east side of

the Table Tunnel and west side of the Wolverine Tunnel.

Design and preparation of contract documents for the smaller tunnels at Km 80 and Km
86 have been concluded, tendered, and scheduled to be completed in 1982.

Track

Currently, material purchases are being progressed for the rail, ties and O.T.M. Welding

of the rail, by contract, is scheduled to commence in the fall of 1982 and be concluded by

mid- 1983. Preparation of crushed rock ballast is scheduled to commence by January. 1983, at

a suitable suite located in the vicinity of Km 0. Track laying and ballasting is scheduled to

commence by mid-May, 1983, and be concluded by mid November, 1983.

Infrastructure and Others

This category consists of engineering construction camps and offices (located at Km 24

and Km 99). operation of the construction camps, vehicle requirements to supervise the

construction, permanent facilities such as mawitenance of way camp, temporary and perma-

nent communications facilities, and other services such as legal fees, land purchases, environ-

mental mitigation costs, and legal surveys.

With respect to communications, a permanent microwave system is currently in operation

along the Table River Valley which consists of three lowers that were inslalleil in 1981. The

remainder of the system, including erection of towers will be concluded m \'^S2. 1 his system

will provide the necessary communications for operating trains and the tunnel ventilation

system. Presently, communication is provided to the Sukunka and Wolverine Valleys by a

temporary system to service construction activities.
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Summary

Current projections are that the project is on schedule and within budget. To date,

approximately 70% of the project contracts have been awarded, which incurred a cost of

approximately $70,000,000. Details covering budgets, project costs, outlooks and variances

are outlined in Table 3, which has been developed on the basis of current level of information.

Description

TABLE 3

*Approved
Budget

Project

Costs

To Date
Project

Outlook

Variance

Outlook
Under(Over)

Budget

Construction
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13. North East Coal Study: Avalanches, May. 1978, National Research Council of Canada

—

Peter Schaerer

14. Environmental Aspects of Proposed B.CR. Anzac'Quintette Branch Line. December.

1980, Sigma Resource Consultants Ltd.

15. A Report on the Proposed Tumbler Ridge Branch Line Hook Lake By-Pass, May, 1981,

B.CR. Engineering Department

16. Seismic Refraction Investigation Tahlc River Sector B.C., October. 1981. DR. Pileau &
Associates Ltd.

17. Stream Hydrology Study Anzac to Quintette Final Report, .hine, 1981. North West

Hydraulic Consultants Ltd.

18. Sukunka Grade Foundation Investigations Data Report, October, 1981. Klohn Leonoff

Consultants Ltd.

19. N.E. Coal Development Tumbler Ridge Branch Line Seismic Refraction Study Km
76 + 577 to 103 + 010, June. 1981, Situ Technology Inc.

20. British Columbia Railway Tumbler Ridge Branch Line lunnels Geological Investigation

and Engineering Volume 1-5, April, 1981, Klohn Leonoff Consultants Ltd. in association

with Dolmage Campbell & Associates and Canadian Mine Services

(



Exciting Possibilities—Where Do You Fit In?

J. H. Burdakin*

It is a sincere pleasure to react to your presidents request to participate in our 81st annual

meeting. I say our for I have long been a member of AREA. I am proud to be here in support

of your president for he has been a valued member of the Grand Trunk management team for

over ten years. He has contributed materially to the success of the company. There are many,

many footprints on the Grand Trunk left by Bill Glavin.

In reflecting on an appropriate subject for this dedicated group of railroad engineers. I

was reminded of that cartoon of the recent engineering graduate, holding the diploma in one

hand and a slide rule in the other saying
—"Four years ago I couldn't spell engineer, and now

I are one."

For me that story applied thirty-five years ago. It doesn't seem that long ago but almost

twenty-five years have passed since niy general managers said. "John, we think it is time for

you to learn how to run trains.'" Thereafter my engineering background has been primarily

used to ' .^ep other engineers from presenting "snow jobs"—causes for derailments or needs

for equipment.

1 do have a few comments that might provoke thoughts when you have a bit of time to

reflect.

What is your role as a human being?

How does being an engineer fit into this role?

What are your responsibilities as an engineer?

First, what is your role as an individual? 1 would suggest that philosophically it should be

to make the world a better place. To make the world a place for less suffering and for less

burden to our fellow man.

From my engineering education and experience my mind has been conditioned to ra-

tionalize, to evaluate based upon fact and given theorems. There are many examples evi-

dencing a master plan for us folks here on earth. The cycles of birth, life, death, and ocean,

vapor, rain, ocean are examples that there is a basis for our lives just as there is a basis for

night and day. We obviously are here aspart of the plan, and as I say our part, each individual's

part, is to improve this planet for our fellow man. We could spend the next decade wrestling

with my conclusion but it truly has great merit, provides a target for living, fills a number of

squares in the crossword puzzle of life.

May 1 go to the next question, how does an engineer fit into this role? I hope all of you

are involved in the engineering aspect of business because you enjoy it. One goes this way only

once, so I feel badly if an individual is wasting his precious few days pursuing unhappiness.

I expect you enjoy accomplishing, and you arc in the proper field to. at the close of a day or

a project, look back and say 1 helped build that bridge, renew those ties, make that track

smooth. Now, such being the case, haven't you as an engineer made this world a bit better,

a better place for your fellow man?

Who else has a better opportunity to fulfill this goal than those like yourself who are on

the cutting edge of doing. We arc in a most self-satisfying position. We can see what we are

contributing and we can be proud of those accomplishments. Of course we need the monetary

'President, Grand Trunk Western Railroad
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award known as salary. But truly, aren't the events that arc in your memory, those accom-

plishments that you can with pride claim I helped. If we arc here to improve the quality of life

for our fellow man. who is in a better position than those of us trained and charged with the

responsibility of progress'.'

With the burdens of making this world a better place for our fellow man and being in a

position to achieve that end, there exist many responsibilities. If one is to achieve his or her

maximum potential, there must be that commitment toward performing in a professional

manner.

For the engineer, professional competence is an absolute must. We have a responsibility

to design and build in a safe, efficient manner. I do not know the true cause of the Kansas City

Hyatt disaster, but somewhere there has to be a lack of commitment, a shirking of re-

sponsibility, a lack of professional conduct.

The fact that you are here today proves your interest in improving your performance.

Continuing education and experience are critical in order to progress. Professionalism is a

must, we take it for granted, but it does require a commitment to responsibility. And you here

are to be commended for exerting the energy to improve your skills. Those who participate

in the Association as officers or on committees deserve even more recognition for you are

working and sharing for the benefit of all.

But to be effective, there is much more to engineering as taught in the schools or in the

books. An engineer is a member of a team. He must be a team player. He must have

knowledge of the overall plan and adapt his effort to the common goal.

Each of us have restrictions on our activities. The obvious one we all live with is the

budget plan. We cannot commit to spend more than our allotment. To do so forces another

to make up for our extravagance, prohibits another from having the chance to fulfill his plan

and responsibility.

We just do not have the luxury of not considering the goal of the team. It is the re-

sponsibility of each of us to execute our part of the play. All the olhcr members of the team

depend on us either directly or indirectly.

Then an engineer has the responsibility to design and build to fill a need. The thorough

evaluation of the goal to be achieved must be the basis for our effort. 1 well remember plans

for a unit-train coal transloading facility, completely detailed in design and specifications with

unique utilization of available land. It was a great effort by a nationally recognized engineering

firm. However it was never constructed, for the coal didnt, wouldn't and couldn't arrive in unit

trains. With over 40 different classifications of coal that must be assembled before dumping

and transloading into lake vessels, switching and storage of cars was inevitable. No switching

or holding facilities were provided. The whole multi-million dollar project just was not de-

signed for the task to be performed.

It is our responsibility to define the need or problem before we design the solution. I'm

sure each of us have examples of need and attempted solution being incompatible—a waste

of effort, resources and money. The responsibility of being a manager, a leader, and engineer

demands the solution solve the problem. Although I used a large project as an example, the

principle applies to our work life throughout every day, even down to when we go lo lunch or

to the mens room. We have a responsibility to understand thoroughly the problem then find

the solution. When put in these terms it sounds elementary, but look about and see how often

our activities are out of sequence of lack efficiency.

Improvement or progress can only be achieved by exerting less energy to obtain equal

results or equal energy to obtain improved results I his is the basis for what we call progress
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and in the business world is what is referred to as productivity. This word productivity is the

hottest subject of the day. I know of no way we as a country can return to our former healthy

economy without addressing this issue.

No place has this impacted our economy to a greater extent than in the automotive

industry. The ability of the Japanese to produce a personal automobile at a cost that permits

sales in the U.S. below our domestic production is known to all. The question is how did the

Japanese beat us at our own game and how do we recapture the momentum.

The underlying cause, I believe, is the loss of the good old American work ethic that was

the foundation of this nation from the landing of the Pilgrims to after the successful conclusion

of World War II. The American worker and manager were proud of their day's work, proud

of taking an idea and bringing it to fruition. Somewhere we have lost this.

Probably the largest contribution is the adversary relationship that has existed and been

the foundation of the labor movement since the days of the great depression . I believe the need

for labor having the ability to exert its voice and organization is the only solution. But. we are

now in our third generation of being fed with the philosophy that there is no good management

in any company in America today. The media projects this image at every turn. The politicians

have found it expedient to pass laws to foster this theory. Labor and management have been

locked in conflict fanned by the media until the American mind has become conditioned to

focus only on self-centered personal gain. Business school graduates see only net income on

a year over year comparison. Five and ten years forward planning is a secondary issue. If labor

can achieve, through leverage, increased wages or fringe benefits that may soon eliminate their

product being competitive in the market place, go for it, why worry about the long term. If

politicians can pass laws that develop patronage and thus assure reelection, it is immaterial

what the effect is on our children. Even the courts are focusing on the right of the individual

not that of the accused failing to observe the rights of society. No need to specify; you know

many examples of each.

We have lost the old American principles: a fair days pay for a fair days work, pride in

workmanship, help your fellow man.

In this arena is where the Japanese have beaten us, and our industry is on the ropes as

a result. This is the game that we must win, we must change our present game plan. And

fortunately, there have been signs that we as a nation are setting our jaw and gritting our teeth

and fighting back. The Reagan budget, the UAW, we can even see a stiffening up of the

backbone in our judicial system. We must if we are to survive; we. Americans, can if we

develop the will.

To make this transition will require change, and although human nature resists change,

change we must. There is no logical justification for U.S. manufacturing requiring 4 to 20 times

the number of inspectors as compared to Japanese producers. We must eliminate the added

expense on our retail purchases estimated between two and three percent for theft and loss.

We can change this waste, we can increase productivity and you and all the other doers,

supervisors and managers have the burden, the responsibility to lead this change.

First, we must develop a mutual respect between employers and employees. Unless there

is confidence on both sides, progress will be slow at best. We will become mired down in

wording and punctuation and thus lose sight of our target and goal to re-establish a strong

American economy.

Ever since World War II and especially following the Vietnam disaster, this country has

been faced with rapid and disturbing changes in social values. Young Americans are better

educated, have higher life style expectations and are developing new values while at the same
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time being placed under unprecedented economic pressures and anxieties of the wt)rk place.

The result ten) often has been a combination of confusion and disenchantment compounded

by worry and fear.

Is it any wonder motivation is killed? We should not be surprised with low productivity,

poor workmanship, absenteeism and high turnover. And I'm not just relerrmg to the blue

collar worker; the same pressures exist within the white collar level as well.

What we need most in the United Stales, at least so far as the job and work place is

concerned, is a restructuring of the ideals and values, a re-evaluation of such elements as

profits and success into a more realistic and human perspective.

We must humanize the employer—employee relationship. We must begin by adopting a

management strategy that stresses long-range planning and not spotlight the current bottom

line. From this we must bring employees into the decision-making and problem-solving pro-

cess. Then as mutual participation progresses, employee loyalty will begin to appear and

productivity will improve. The underlying basis for this transition has to be in today's Amer-

ican society—the treating of employees as human beings and giving them the consideration

and respect they deserve.

This respect for the individual is the foundation of Japanese enterprise. Ihe lesson I

believe: that treating people like people is profitable not only materially but intellectually and

spiritually as well. Think about this.

And so in your role as a leader, take the time and effort to humanize the relationship

between your subordinates and yourself. Project and act as though you really care about their

welfare. Make sure they have the proper equipment, have good if not the best materials to

work with. Make sure they have a safe working environment. Develop mutual respect, treat

all as you want to be treated.

I like to refer to this understanding as human engineering. It requires study as to how the

human body functions, thinks, reacts and performs. It is not the same human body our fathers

knew and it will change in the future. But we must recognize the qualities that motivate it to

function. If we are to increase productivity and thus retain our living standards, we must once

again return to the American work principles of pride and accomplishment.

Responsibility is the keynote of this talk. It is your responsibility to conduct your affairs

in a professional manner. It is your responsibility to be a team player, exerting your effort for

the benefit of the team, and with its success you too will achieve success and pride. It is your

responsibility to define the target, accomplish the task in an efficient and economical manner.

It is your responsibility to succeed in human engineering. Without improved productivity

we will not pull ourselves forward out of today's economy.

The treatment of people as people, human beings like human beings is profitable, not

only materially, but intellectually and spiritually as well. Reflect on this approach, try placing

it into vour dailv tasks and see what comes out.



Bridge Fatigue Studies

Z. L. Szeliski*

Introduction

On December 15, 1967, a highway bridge at Point Pleasant, West Virginia, collapsed into

the Ohio River, resulting in the loss of 46 lives. Subsequent investigation by the National

Transportation Safety Board indicated that the failure was caused by fatigue. To guard against

the possibility of another accident, stringent inspection procedures have been developed,

fatigue studies were accelerated and fatigue requirements were introduced into bridge design

codes.

What is this phenomenon called fatigue? Fatigue is defined as the tendency for material

to break under repeated cyclic stresses considerably below the ultimate tensile stress. If a

structural member is subjected to repeated loading, it will fail after a certain number of load

applications, even if the maximum stress never reaches the Yield Point. For example, a bridge

can support a 1,000.000 lb. Schnabel car as an occasional load; however, for a day-in, day-out

operation, the loads may have to be reduced to 70-ton cars.

This relationship of stress to number of cycles is represented by the well known S-N curve

which indicates that with the increase of load cycles, there is a reduction in stress range at

which a member will fail. The S-N curves have been developed for various details by testing

hundreds of samples in the laboratory.

CN Rail's involvement with fatigue started in 1973 when the expected remaining life of

the Fraser River Bridge in Vancouver was questioned. This bridge was built in 1904 to carry

a highway and a single railway track, but was designed only for Cooper E40 loading. The

bridge is owned by the Public Works Canada and is used by CN Rail. Burlington Northern and

B.C^ Hydro.

Preliminary studies indicated that by 1980 the bridge would have to be replaced. To obtain

a more accurate appreciation of the fatigue problem. Dr. John Fisher of Lehigh University was

engaged to prepare a detailed report, but before the report was completed, the span in

question had been demolished by a run-away barge and replaced with a new structure.

Procedures developed in this first study have been followed and enhanced in the in-

vestigation of other critical bridges on the CN system.

To date, seven such investigations have been made:

Mile Suhdivision Span Year Built Rating MGTM MGTM
197fi 1980

1.
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2. Theoretical model analysis

3. Traffic studies

4. Estimation of fatigue damage.

The first two are needed to establish the relationship between loads and stresses in critical

members. Quite often stresses at critical points cannot be measured, hence they are taken at

points we have access to. and then extrapolated.

Traffic studies are required to determine the number of cycles that the structure has been
subjected to in the past. Of the seven studies made, the most extensive one was conducted on
the bridge at Mile 50.4 Rivers Subdivision, and what follows relates to this bridge. The span

investigated was a 117' long riveted Pratt Truss, carrying single track.

Field Stress Measurements

It was decided to place 55 electric resistant strain gauges on top and bottom chords, end
post, hanger, bracing, stringers and floor beams. Also, two rail shear circuits were placed to

measure wheel loads. Gauges were connected to instrument panels placed on the bridge, and

a special trailer was built to house computer instruments for recording strains.

The response of the bridge was measured under regular traffic for seven days around the

clock and under a special work train made of three GF 30 units. The work train was run at

speeds ranging from crawl to 50 m.p.h. in both directions. In total, over 200 trains, corre-

sponding to 15.000 cars, were recorded.

Theoretical Model Analysis

Three analytical models were considered:

1. A plane simple truss model assuming all joints pinned

2. A plane frame truss model assuming all joints rigid

3. A three dimensional model composed of two trusses, floor beams, stringers, top and

bottom laterals, all rigidly connected.

Theoretical stresses were then compared to test measured ones. (Fig. 1 ). The comparison

indicates that stringers behaved like simple beams. Similar comparisons were made for all

other members investigated.

It is of interest to note that the maximum recorded impacts of the work train moving al

50 m.p.h. were \9'/c for hangers and 24' f for bracing. The corresponding impacts using the

AREA manual are 45% and 29Vc respectively.

It was found that based on 2(K) trains, there was one critical cycle per car for hangers,

stringers and floor beams, one cycle per 5 cars for bottom chord and only one cycle for 10 cars

for top chord (Fig. 2). These results were very important in determining the actual number of

cycles received in the past.

By now it became evident that the critical elements from the fatigue point of view were

the rivet holes in the hanger connections, stringers and possibly floor beams. Havmg deter-

mined stress levels of these members, we then had to find out number of cycles that they had

been subjected to.

Traffic Studies

The difficult part of determining past traffic was the absence of proper records. In order
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to get the best information possible, we looked at the following sources of information:

Operating timetables

Traffic statistical reports

Train performance forms

Traffic density reports

Canadian Transport Commission 1% waybill sample

Car file

Dispatchers' daily train reports, and finally

Public archives, CN Historical Library and annual reports.

Of special interest is the car file which was specially constructed at the request of the

Bridge Office and contains information about traffic such as the number of cars by weight and

commodity at 25 bridge locations on CN main lines (Table 1).

TABLE 1

CAR FILE DATA—FREIGHT CARS, BRIDGE M 50.4 RIVERS—YEAR 1979

Car Gross
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TABLE 2

FREQUENCY DISTRIBUTION FREIGHT CARS (1907-1979)

Weight
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TABLE 3

ALL TRAFFIC (1907-1979) INCLUSIVE

Traffic
Hanger
Stress

Stringer

Stress

.v.,

Floor Beam
Stress

Cycles

n

Freight cars

Passenger Cars

Diesel Locomotives

Steam Locomotives

All traffic

4.75
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TABLE 5

HANGER STRESSES, CARS OVER 60 TON

YEAR RMS Stress Cycles n

1979 7.32 8.823,000

1984 7.64 11,011,000

1988 7.98 13,044,000

1998 8.70 19,500,000

this, any possible existing cracks would be removed and the fatigue life would extend consid-

erably. Similar calculations were carried out for stringers and floor beams. It was determined

that the stringers would become critical by the year 1991 and the floor beams by the year 2000.

However, by reaming holes and replacing rivets with high strength bolts, their life would

extend beyond the year 2000.

As a result of this fatigue study, the following work has been done on the bridge at Mile

50.4 Rivers: retrofitting of hangers, stringers and floor beams by removing critical rivets,

reaming holes to 31/32 and replacing rivets by properly torqued high-strength bolts of %"

diameter.

To recapitulate, the following steps were taken in evaluating the fatigue damage:

1. Field strain measurements

2. Theoretical analysis (3 models were considered)

3. Traffic studies

4. Fatigue detail category (to determine whether to use Category "B", "C" or "D")

5. Estimated fatigue damage

6. Action required.

Conclusions

CN Rail has conducted seven fatigue studies and all except the first one were performed

by CN Rail Research and Bridge Offices. Of the bridges investigated six were through truss

spans and two were deck truss spans. Two bridges carried double tracks.

The following has been observed:

a) Good correlation was found between actual measured stresses and theoretical stresses.

The differences were not more than IS'^f in critical members.

b) The critical elements were rivet holes, usually in stringers and floor beams in the

middle of spans and in the hangers.

c) Rivet holes investigated in the field indicated that Category Detail "C" may be used.

This results in extending considerably the useful life of the bridge, in some cases, almost by

a factor of three.

d) The critical RMS stresses were low under present-day equipment, less than 10 ksi. If

all traffic was up to E60 loading, the bridges would have failed long ago.

e) In all cases, the governing loading was that of 60 ton cars or heavier. The effect of

steam locomotives and heavy diesel engines was pronounced in causing the most fatigue

damage.
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f) Although some double track bridges appear to be under designed for full two track

loading conditions, investigations showed that for 96^i of the loading occurrences the span

carried only one train and this resulted in lowering maximum stresses.

g) In four out of six bridges, no work was required from the fatigue point of view.

However, if riveted connections were considered as Category Detail "D , retrofitting would

have been required.

h) Three bridges which were strong candidates for replacement at a cost of millions of

dollars were saved. Relatively simple retrofitting was required for two of them.

i) It was decided that the bridges will be re-evaluted in about 15 years in anticipation of

changes in traffic mix and possibly in technology.



The Rebuilding and Rehabilitation of the Boston and
Maine Railroad—The 4R Loan

V. R. Terrill*

Ths Boston and Maine Railroad went bankrupt in 1970. The magazines and newspapers

have long since explained the reasons why. We who lived through it, like all railroad men,

suffered the hardships of derailment loss, consequent decrease in maintenance to balance the

budget and further decrease in production efforts to rectify the situation and round the circle

we go.

In 1973, Alan G. Dustin became president and chief operating officer. He was fortunate

that he had the backing of two outstanding Trustees: Ben Lacy and Bob Meserve. The B&M
was fortunate that we had the three of them.

In 1973 and 1974, the Boston and Maine borrowed $1.75M and built an auto unloading

facility at Ayer, MA. Since the rack cars required 18' clearances, some 25 bridges required

raising or track lowering. The minimum 18_-3" clearances were made ready on the FML from

Mechanicville, New York, to Ayer, Massachusetts, and from Wells River, Vermont, to Green-

field, Massachusetts. Two tunnels had to be lowered, one at Bellows Falls, Vermont, which

was complicated by a steel girder river bridge. We redesigned the bridge so as to lower it

without reducing the clearance between the top of water and steel strings which could have

allowed tree stumps, ice, or other floation debris to create dams against the upstream girder.

The other tunnel was the five mile Hoosac Tunnel under the Florida Mountain, part of

the Berkshire chain. The eastbound track in the tunnel had been retired in the sixties, so the

existing single track was thrown to the center and thus we ran the clearance car which had some

110 hits on the granite roof. Rock was chiselled by the use of a backhoe equipped with an air

impacted ballpoint with backhoe and compressor mounted on a flat car.

The Ayer Auto-Unloading facility opened on June 10, 1974, and began receiving 350 rail

carloads per month from Detroit.

In 1975 and 76 we lowered the track under another 18 bridges from Ayer, Massachusetts,

to Portland, Maine, thus extending our piggyback service from D&H connections at Mechan-

icville beyond Boston to Maine Central connections at Portland.

As with most eastern roads, you used your minimal amounts of operating dollars where

you had to and highway grade crossings were not high on our priority list.

In 1974, Congress passed the Highway Crossing Safety Act and Boston and Maine quickly

jumped on the bandwagon. We established construction crews for both surface and signal

rehabilitation. These crews were completely dedicated to recollectible work and thus free from

emergency track responsibility. The crews were equipped with saws, drills, small tampers and

large front end loaders.

From 1975 to 1981 we rehabilitated 216 crossings through the program and about 65

outside the program, generally in a cooperative effort with a city or town requesting such help.

90% of the crossings on our two important main lines have been rebuilt, signal and surface

(100% in Massachusetts).

Starting with the passage of the 4R Act in 1976, Boston and Maine worked with Federal

authorities in the FRA to obtain a $26M rehabilitation loan. We had many obstacles to

overcome, not the least of which was being bankrupt and having to not only convince the FRA

"Vice President-Engineering. Boslon and Maine Corporation
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of our needs and abilities but also to convince a judge that we were worth the effort. Something

like trying to convince both your wife and girlfriend that you are really a faithful man.

We proposed that our $26M loan would be spent on 240 track miles of our FML which

carried almost 60% of the tonnage on the 1450 main and branch line system. There was really

no sense in rehabilitating yards or branch lines if our 20 MGT track from Mechanicville. New
York, to Ayer, Massachusetts, was not in condition to get the tonnage into the heart of the

railroad.

We had constructed a gas-oxygen welding plant in 1972 out of two abandoned plants from

other railroads which had gone to electric flash. We couldn't afford the luxury of flash-butt

welding and opted for the slower but no less quality weld plant using oxygen and acetylene.

In late 1978, we installed the first seven miles of CWR on a single track portion of our

FML. During 1979 and 1980 we were to install 35 miles of T CR CWR British Steel Rail on

all curves 3° and over and 43 miles of AREA standard CWR elsewhere. 132# section was used

throughout the single and eastbound track which carried 65% of the traffic and 115# on

westbound track.

Together with the 78 miles of CWR track, the $26M bought the installation of new
anchors, tightening bolts and welding of rail ends on 87 miles of jointed track, undercutting

of 180 switches and 280 bridge approaches, ditch drainage and cleanup, line, surface and

ballast work on 240 miles of track and single tracking of 19 miles of double track based on the

FML capacity analysis. The line study was done with the help of the ICC"s rail service planning

office and with the use of their Train Dispatching Model. We were then able to convince the

FRA, our Trustees and eventually the bankruptcy court that this was a cost effective move

which saved us $50K per year in maintenance and not a return to self-inflicted cannibalism.

We also were to accomplish the installation of remote controlling of two locally controlled

interlockings. and installed 64 miles of in-track signalling to complete our CTC signalling on

this line.

Bridge and building gangs rehabed 13 steel bridges, one stone arch and two tunnels,

installing 300 feet of steel liner plate in the brick-lined section of the Hoosac Tunnel.

The 505 Program would thus renew our vital line from the west into New England.

Additionally materials generated from the program could be utilized together with our B&M
generated labor dollars to cascade down for rehabilitation and repair of other main lines,

branches and even yards for several years to come.

The effects have been dramatic. After completing the work on time and under budget we

found that we had retired track but improved transit time allowing for more efficient service.

Our derailment rate plummeted. Loss and damage claims during 1975 to 19S0 dropped by

650.000 despite a rising inflation rate of over 6% per year. As a percentage of freight re\enue.

damage to goods dropped from 2.6% to 1.1%. The category dealing with rough handling

(rough riding and rock and roll) shows an improvement of 44% during that time.

This work generated savings of $3.5M in tangible dollars that will be put back into the

railroad year after year. Salvage material from this project will reduce material costs over the

next three years by $4M.

As our main line transit time improved it became necessary to clean up our act in the

major yards.

Mechanicville Yard is Boston and Maine's gateway to the west. Boston and Maine

interchanges with D&H and also receives traffic from Conrail at nearby Rotterdam Jet.

Approximately 50% of all traffic coming on Boston and Maine gets humped at Mechanicville.
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By the mid-seventies the yard was suffering the adverse effects of deferred maintenance.

During 1977, $2.3M was spent on track work, rehabilitation of 1 1 retarders. restoration of the

locomotive fueling facility and installation of anti-pollution equipment, rebuilding of switch

machines, office buildings, towers and the car shop together with improvements in lighting,

air and drainage facilities.

During 1979 and 1980 an ambitious program of redesigning and rebuilding the East.

Deerfield Yard at the crossroads of Boston and Maine was undertaken.

Located at the intersection of Boston and Maine's two busiest freight routes. East Deer-

field Yard is the most heavily utilized freight car classification facility in Northern New
England. Deferred maintenance and antiquated design (including bisection of the yard by the

main line) combined to restrict severely the level of efficiency that the yard could be expected

to attain. Studies conducted by both Boston and Maine and Massachusetts Institute of Tech-

nology personnel indicated that reconfiguration and rehabilitation were equally necessary to

improve service reliability and to decrease the cost of efficient operation at East Deerfield.

The design process was aided by a Federal Railroad Administration program to develop

a yard design methodology. Working with the FRA's contractor, Stanford Research Institute,

B&M utilized SRI's computer-aided simulation models to test options for overall layout and

capacity, hump profile and plan, and trim-end configuration.

The final design included several major program features: The Fitchburg main line is

being rerouted to the south perimeter of the yard. Just north of the main line will be a

receiving/departure yard, built on 20-foot track centers to allow mechanized inspection and

minor repairs on inbound and outbound trains. A full hump with weight responsive hydraulic

retarders will be installed at the eastern end of the yard, and will send all traffic into the rebuilt

classification tracks. Car cleaning facilities will be relocated and upgraded, car repair tracks

will be substantially upgraded, and locomotive facilities will be converted to a more suitable

modern design. A new yard office is to be constructed, compressed air facilities will be

upgraded, lighting will be improved and roadways will be resurfaced.

Investment to date has been $3M. The improvements to service and reliability have been

substantial. A reduction by 509^^ of car retention time results in better MT car distribution and

shorter trip times. In 1977, this yard handled 250,000 carloads originating or terminating in the

New England States.

Projected savings from per diem, freight claims. M of W and operations will total an

estimated $1.7M over the next 5 years.

During the period from 1976-1981 ten other minor yards were repaired at a cost of Sl.lM

to ensure local service to on-line customers.

As you can imagine, we thought seriously about sitting back and resting during 1981, the

first year after the 4R-$26M loan work had ended or cutting our M of W ratio back to

12%-15% from its average of 20'^f

.

However, cooler heads prevailed and we continued on an accelerated production pace

installing 1 10,000 ties, 24 miles of CWR and surfacing 350 miles of track out of face. This was

only slightly less production than our peak 4R year in 1979.

Recently, through negotiations with the FRA and Conrail we have agreed to buy, operate

and maintain 146 miles of branch lines in Western Massachusetts and Connecticut. We will

also operate over 88.7 miles of Conrail main lines with trackage rights.

This trackage will protect our customer connections in Southern New England and open

new markets for a revitalized Boston and Maine in the area.
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The Boston and Maine should complete reorganization in 1982 and become part of a new

eastern Family Line-type railroad under the corporate GTI, Guilford Transportation Industry

system.

We think that since 1973 we have worked hard to achieve a normalized track condition

and are ready to work together within the new corporation to become a viable, sate, profit-

able, leading transportation system in the Northeast.



Rail Flaw Growth Investigations

A. B. Perlman,* D. Y. Jeong,** O. Orringer,** D. P. McConneli***

Introduction

Miner's cumulative damage summation rule has been used for over thirty years, and today

is widely accepted for estimating mechanical component fatigue life. Such estimates can be

useful in structure detail design tradeoffs, but recommendations based on fatigue life estimates

must be tempered by consideration of service performance data. Both the popularity and

limitations of Miner's Rule stem from its simplicity:

—For an alternating stress above the endurance limit damage is linearly proportional to the

number of stress cycles.

—The fully reversed bending (zero means stress) fatigue curve determines the relative rates

of material damage caused by alternating stresses with different amplitudes.

—The damage rate is adjusted by means of a modified Goodman or similar diagram for cycles

with nonzero mean stress.

—The rate of damage accumulation does not depend upon the sequence of different stress

cycles.

Miner's Rule has recently been used to estimate railroad rail fatigue life.' "' Such esti-

mates are attractive as rapid input to decisions about track design, railroad operations, and

track quality control. The track engineer might use fatigue life estimates in cost tradeoff

studies. The operating department may be affected if such tradeoffs indicate that heavier or

lighter wheel loads can create a net economic improvement. The track quality and test

manager is interested in optimum scheduHng of inspection and maintenance resources to

control rail defects on lines with different track and traffic characteristics (i.e., different rail

fatigue lives).

The appeal of rail fatigue life prediction must be balanced, however, by careful consid-

eration of service performance effects which may invalidate extrapolations from limited field

data. This paper demonstrates some of the limitations on Miner's Rule in the context of rail

fatigue. A sensitivity study of fatigue life estimates has been conducted to illustrate these

limitations.^ This study duplicated the characteristics used in the earlier work" to the maximum
possible extent. Both the present study and the earlier work focused on transverse defects in

the rail head. The present study had a broader objective than the earlier work, however, in

that it sought to investigate a wide range of parameters to cover U.S. track conditions, and

to rank these parameters by their influence on estimated life.

The body of this paper summarizes the sensitivity study. The input data sources, formats,

and baseline values are first reviewed to clearly document the study foundations and basic

assumptions. Some of these assumptions will be seen to impose inherent limitations on the

fatigue life estimation procedure. Second, an example is presented in detail to illustrate the

application of Miner's Rule to rail fatigue and to indicate the problems which arise when

attempting to interpret the results. Third, the major findings of the sensitivity study are

reviewed to show that the most poorly quantified elements of the input data have the most

dramatic effect on the estimate of fatigue life (cumulative tonnage to initiation) for transverse

defects in the rail head. Finally, some comments are offered on the bounds for application of

'Associate Professor of Mechanical Engineering, Tufts University

"Mechanical Engineer-.Slaff. DOT Transportation Systems Center

'"Manager of Structures. Batlelle-Houston Laboratories
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Miner's Rule to rail fatigue life estimation in the light of practical considerations about track

environment, field data availability, and other types of defects.

Fatigue Life Estimate

Previous analyses of the relation of time varying traffic loads to the initiation of transverse

defects in a rail head" ' have identified four elements needed to make a fatigue life estimate:

a traffic load spectrum, relation of load to stresses in the head of the rail, characteristics of the

rail material to relate stress to crack initiation, and a failure criterion. Implicit in this analysis

is the relation of load to wear of the rail head surface. In particular, characterizations of load,

material properties, and wear are determined empirically and are mean or aggregate measures

of conditions that vary with location and operating practice.

As shown in Figure 1, the passage of a single wheel load over a point in a rail causes a

time varying stress cycle. The primary contributions to this cycle are bending of the rail and

contact near the region of load application. When the load is directly over this section, the

head is compressed by both bending and contact effects. As the load moves along, there is no

contact in this region and uplift of the rail results in reverse bending, tensile stresses in the

head. This cycle repeats with each pass, but the magnitudes of the largest stresses depend on

the dynamic level of the wheel load. Different vehicles at various speeds cause a variety of such

levels so that these loads are represented by a frequency spectrum such as shown in Figure 2

for measurements of vertical load in a mix of traffic over Union Pacific Railroad track.' This

spectrum and the data shown in Figure 3 were used to represent load conditions in previous

rail fatigue studies." ' The largest components of stress in the head are axial or longitudinal.

For a purely vertical load, the flexural stress contribution is linearly distributed as shown in

Figure 4a. With substantial lateral loads included as in flanging conditions, the flexural

distribution tends to the form of Figure 4b as described by Timoshenko and Langer." Since the

mean rolling line is offset from the rail centerline\ the latter distribution was adopted to

incorporate the influence of lateral loads. The total longitudinal stress at any location in the

rail head is the sum of this flexural distribution, the axial component of contact stress

[calculated from Hertz's analysis **] and other sources of axial stress such as thermal or residual

stress distributions."

The basic characterization of material influence on fatigue behavior is an S-N diagram.

Figure 5, showing the results of life for cycles of alternating tensile and compressive stresses,

represents the mean or aggregate data values as a line in the log-log graph. These test results

are drawn from data reported by the American Railway Engineering Association.'" This data

must be translated to a form such as shown in Figure 6 for application to stress cycles that differ

from the laboratory conditions of fully reversed stress. The alternating stress influence on

fatigue life is assumed, conservatively, to be independent of mean compressive stresses.

In addition. Miners Rule, as a failure criterion, assumes that each equivalent alternating

stress cycle at any level above the endurance limit of rail steel reduces the number of cycles

that can be sustained at other levels before initialing a crack. Ihe fatigue life predicted by this

criterion is determined by adding these fractional damages until their sum is equal to one.

An important observation made by Zarembski ' regarding rail life predictions is the role

of wear in the process. As the surface of the rail head is worn away by traffic, a given location

in the interior of the head gets cl(»ser to the surface and is more strongly affected by contact

stress durmg wheel passages. Much effort has been devoted lo identification and control of the

factors such as rail size, metallurgy and operating conditions that determine how much and

how rapidly the rail is worn." ''" Generally, such results are in the form of percentage of head

area lost for a given set of conditions. For the purpose of fatigue life estimates. Zarembski "

translated the AREA equation for rail life based on rail head wear into distance rates. 0.028
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19.000 lb

V° X ( INCH)

b) STRESSES NEAR THE CONTACT REGION.

FIGURE 1. STRESS HISTORY IN RAIL HEAD DUE TO ROLLING LOAD
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in./lOO MGT for 132 lb. rail and 0.034 in. 100 MGT for 119 lb. rail. At such rates, a point

originally 0.25 in. into the rail head is assumed to have all the material above it worn awav in

800 to 900 MGT.

The foregoing simpHfied approach to fatigue life prediction is convenient to apply, but its

ability to model rail fatigue beha%ior is limited in three important ways. First, the effects of

stresses other than the axial component are not accounted for. Other compx^nents are signifi-

cant, however, in the contact stress field. Second, the assumed lack of influence of compressive

mean stress (based on laboratory tension-compression fatigue tests) may not be valid for the

multi-axial stresses experienced by rail heads. Third, the material fatigue endurance limit can

be decreased by stress cycles above the Umil '*. making damage accumulation into a self-

accelerated process. In spite of these Umitations. the siraphfied Miners Rule approach can still

\ield some useful comparative guidelines about fatigue hfe, pro\ided that one understands the

sensiti\ity of Hfe estimates to ser\ice environment variations.

Example Calculation

In this study, a sequence of points at various depths into the rail head was considered to

assess the interaction of wear with the other factors that influence fatigue life prediction. This

sequence of f)oints. a-e. is shown in schematic form in Figure 7. The calculation is a simple

iterative procedure. The spectrum of loads is applied for a set of cycles equivalent to 100 MGT
(6.75 X 10^ cycles). The head surface is then assumed to move down by an amount equal to

the wear distance per 100 MGT. This increases the contact stress component at each point,

and the load spectrum is repeated for another 100 MGT. The damage fraction at each point

is calculated for each iteration, and the process continues until a p>oint has accumulated

damage fractions totalling one or until the rail has accumulated a tonnage sufficient to use up

the wear hfe of the head.
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O-mln = i^xx)^ {^xx\ (0"")yHow (<''")lhow

0-max= (RBF)[(cr„)v (O-k)^ (axx).] (O-xx)r

0.21 < RBF < 0.42

Figure 7 Stress Calctilatlon Locations

A set of baseline values was chosen to characterize the track structure, rail material, and

operating conditions. As the parameters were varied, changes in predicted fatigue life were

compared to the reference value for the baseline calculation. The following parameters and

corresponding baseline values were selected:

—rail size

—wear rate

—lateral vertical load ratio

—reverse bending factor

—vertical foundation modulus

—endurance fatigue limit

—load spectrum

132 1b

0.03 in/ 100 MGT
0.0

0.21 (single axis)

5000 psi

32000 psi at 10" cycles

LP mixed traffic.

These values are typical of track that would generally be characterized as good to excel-

lent mainline. They are not based on any specific averages or test track measurements. Some
choices have been made to facilitate comparison with other results.

Figure 8 is a graphical representation of the calculation for one of the points, 4 mm into

the head, examined in the baseline case. It shows the damage fraction produced by the various

load levels in the spectrum at each 100 MGT iteration. Very little damage is done during the

first iteration. Loads less than 30 kips do no damage at all. During the second 100 MGT, wear

has increased the contact stresses at this point since it is now closer to the surface. Lower loads

are damaging and nearly half the fatigue life is consumed in this iteration. During the third

iteration, the process accelerates and the remaining damage fraction is accumulated in an

additional 60 MGT so that the predicted life for this point is 260 MGT. Points further into the

rail have higher predicted fatigue lives as shown in Figure 9. Points in the region above 4 mm
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have very low predicted lives. However, the stresses in this region are well above yield levels

so that the estimate cannot be taken as valid.

Results

Sensitivity of the prediction to depth in the rail head is clearly apparent from the steep

slope of the curves in Figure 9. Fatigue lives ranging from 350 to 650 MGT are indicated for

the region 5.5 to 7.5 mm below the original head surface. In addition, a similar variation in

the prediction is associated with the value of wear rate used in the calculation. At a fixed

depth, 6.5 mm, for example, fatigue lives of 775, 575, and 340 MGT correspond to wear rates

of 0.02, 0.03, and 0.05 in/100 MGT, respectively. If values for both depth and wear rate are

uncertain, the range of prediction can be very substantial as suggested by the results in Figure

9 and the tabulation of fatigue life estimates at 4, 6, and 8 mm into the rail head.

Variation in material fatigue properties influences the prediction in a similar way. The

endurance limit used in the baseline calculation is obtained from aggregate data and represents

an average of the sample considered. Values above and below this reference will be found at

various locations in a track. A local value of endurance limit well below the mean will lower

the predicted fatigue life. Figure 10 shows the effect of variation of endurance limit on the

prediction at 4, 6, and 8 mm into the head of 132 lb rail. These changes are roughly linear for

a range ±10% of the aggregate value. For extremely low values, the fatigue life lowers more

rapidly. The sensitivity to endurance limit decreases with depth into the head. Rail size must

also be considered. Lighter rail will have a larger decrease in fatigue life at a given depth in

the head when the endurance limit is lower.

The dependence of the fatigue life estimate on specific values of depth, wear rate and

endurance limit suggests that at least some calibration is needed to assess the influence of

changes in operating conditions such as car weight or rail size. In the absence of such informa-

tion, sensitivity to such changes indicates a trend but not a quantitative assessment of an

increase or decrease of predicted fatigue life.

For example, load environment has an effect on the estimate if the baseline values are

used as a reference. In comparison with the UP spectrum, more severe FAST loads reduce the

life by 26%, 18%, and 9% at 4, 6, and 8 mm, respectively.

The sensitivity of these results to load level was established by increasing and decreasing

the loads in the UP spectrum by 10 and 20 percent. The scaling by 20%, for example, is

accomplished by multiplying each load in the spectrum by 1.2 to increase and by 0.8 to

decrease. These results are shown in Figure 11, where, as suggested by Zarembski' '\ the

predicted life is plotted against static wheel load.

The percent change in life is greater than the percent change in load close to the surface

(4 mm). The variation in life remains significant even well into the head. The changes in

estimated life arc approximately linearly proportional to changes in wheel load in the vicinity

of the baseline case. However, larger variations in wheel load do not follow this relation.

Furthermore, at different depths in the head, the slopes of the variation of life with load are

different for the same reference load. Therefore, an extrapolation of such variations, shown

as a dashed line in Figure 1 1 , does not clearly define a level of axle load (or which fatigue rather

than wear controls rail head failure (the intersection of the dashed line and wear line). As

Figure 1 1 indicates, such a transition from wear to fatigue failure is likely to exist for some sets

of operating conditions. However, a reasonable estimate of the load to define the transition

requires a resolution of the interactive relationship of wear and fatigue on the estimate of crack

initiation.

This study affirmed trends in fatigue life dependence on rail size and support conditions
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Figure 10 Effect of Endurance Limit on Fatigue Life
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that have been presented previously' '\ Heavier rail and larger foundation modulus both

increase the fatigue life of track. For example, a comparison of light rail on low modulus

support to the baseline case of very good track indicated a reduction in fatigue life of more

than 60%^ This example can be viewed as a reasonable estimate of the bound for the influence

of track structural parameters on the prediction. The increase or decrease in fatigue life

associated with variations from existing track structures should fall between these limiting

cases.

Provision for lateral load components in the stress analysis can be used to establish a

corresponding bound to compare fatigue life of rail on tangent and curved track. With lateral

loads of one-half the vertical wheel loads, fatigue life is reduced by 40 to 50% in comparison

with the baseline reference case.

With the assumptions that restrict the model, no significant influence of either thermal or

residual stresses was indicated for the prediction of fatigue life.

Discussion and Conclusions

Sensitivity of predicted fatigue life to the parameters characterizing structure, load, and

material can be ranked in three groups as shown in Table 1. The factors with the largest

influence are, unfortunately, parameters that are the most difficult to characterize in terms of

average or typical values.

Dependence of fatigue life on depth in the rail head indicates that locations close to the

running surface, but not in an extensively work hardened material, are the most susceptible

to crack initiation for a particular set of conditions. Regions deeper in the head could be more

likely sites for early crack initiation, however, if a local inclusion acts to concentrate the stress,

or if the three-dimensional distribution of stress is accounted for.

Similar differences in fatigue life estimates are likely as a result of variation in material

properties. For example, careful experimental studies of rail steel"' have shown a substantial

range for the endurance limit in samples taken from limited segments of rail. The much larger

volume of rail steel associated with several miles of track should, therefore, be expected to

include significant deviations from mean fatigue behavior which, although not found in labo-

ratory determination of S-N curves, may control the initiation of early fatigue defects in track.

Table 1

Ranking of Factors Which Influence Rail Fatigue Life

Level of

Influence Factor

Strong • Depth in the rail head
• Local value of endurance limit

• Wear rate

Moderate • Load environment
• Rail size

• Track support (modulus)

• Lateral/vertical load ratio

Weak • Thermal stress

• Residual (elastic-plastic)

stress



Address by A. B. Perlman, D. Y. Jeong. O. Orringcr. D. P. McConncll 549

Another difference between laboratory and service material behavior arises when other

types of rail defects are considered. For example, measurements recently made on revenue

track indicate that rail web bolt hole cracks are started by the action of bolts bearing on the

web. Bolt bearing in the presence of train loads causes fretting fatigue, and life to crack

initiation under these conditions can be highly sensitive to minor variations in joint tolerance.

The strong influence of wear rate on the results adds another element of uncertainty. An
increase by a factor of 1.5 in the linear rate can alter the prediction from 700 to 500 MGT.
Local variations in wear rate differing by a factor of 2 have been reported for relatively short

track lengths at FAST".

One concern raised by these results is that the factors with the largest effect cannot be

readily controlled by track design, maintenance, or operation. It is the more moderate influ-

ences such as load level, rail size, or support conditions that can be manipulated.

This observation does not imply that Miner's Rule predictions cannot provide useful

guidance to track engineers. Vehicle weight, speed, rail size and support conditions have

sufficient effect on level of stress in the rail that they can be used to assess the trend in

performance changes on specific lines. However, the uncontrollable but decisive factors create

substantial uncertainty, not only in the absolute service life expected, but also in the prediction

of percent change in fatigue life. Therefore, while Miner's Rule predictions based on the

controllable factors may provide some useful guidance, the state-of-the-art of rail fatigue life

prediction does not presently warrant the incorporation of such methods in maintenance and

design practice.
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Ultrasonic Rail Flaw Imaging System

Harry Ceccon*

Ultrasonic Rail Flaw Imaging System

Since the inspection of rails for internal flaws began in the late 192()s, magnetic and

ultrasonic inspection methods have been the basic tools used by the railroad industry. The
magnetic method was used exclusively until about the middle 1950s, when the ultrasonic

method arrived on the scene and began replacing or complementing the existing magnetic

systems. The primary advantage of the ultrasonic system was that it could interrogate most of

the rail cross-section while the magnetic coverage is primarily limited to the railhead section.

Also, the ultrasonic systems can better characterize the flaws as to their location and size. In

the application of either technique, hand or visual inspection is required to verify flaw indi-

cations given by mobile systems. In the early days (1930s and 1940s), electrical conductance

methods were used to verify the findings of the magnetic systems. Then, in the 1950s, the

electrical tests gave way to ultrasonic hand test methods employing basically the same equip-

ment used today. Although it has been effective, the use of the ultrasonic hand test equipment

for flaw verification and characterization requires a significant amount of training and the

inspection results are heavily dependent on the operators" interpretation of the received

signal. With the improvement of the portable equipment and extensive training programs, the

railroad industry has found the method adequate for maintenance use and compliance with the

safety practices. (See Figures 1 and 2.)

Application

In 1978, the Federal Railroad Administration directed the Transportation Systems Center

to initiate an intensive research project directed toward developing a specification for control

of defects in track based on the interval of tonnage during which typical defects might be

detectable but not ready to break the rail. To insure that the railroad industry would benefit

from the work, the project would be carried out as a cooperative effort between the FRA and

the AREA. Part of this project was to study the growth of rail flaws under the influence of

railroad traffic and environment. To generate data for the study, it was decided to install

various types and sizes of rail flaws in track where high daily tonnage could be generated and

the flaws could be monitored frequently to assess their growth rates. To monitor the flaw

growth characteristics, it was determined that highly reliable detection resolution inspection

equipment was needed that could produce a hard copy of these inspection results independent

of the operators' skills. A survey of the existing technology showed that no such equipment

existed. As a result, an effort was initiated to develop an inspection system that could meet

the needs of the project. The effort required integrating the state-of-the-art in ultrasonic

inspection technology, data processing, and video imaging. While originally developed to

support specific research objectives, the system might be useful on revenue track after further

development to make it suitable for use under service conditions.

General Description

The Rail Flaw Imaging System is an inspection system which uses ultrasonic inspection

methods to detect flaws and video imaging techniques to display the results. The system is able

to inspect a rail section for internal flaws and to present the results in a three dimensional view

along with the size (area) of transverse defects as a video display. The display can then be

recorded on a hardcopy for permanent record.

'Track Systems Research, DOT Transportation Systems Center
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Figure 1. Ultrasonic Rail Flaw Imaging System

Figure 2. Scanning Mechanism
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The unit consists of the scanning mechanism, an electronic signal and data processor, a

video monitor, and hardcopy printer (Figure 1). The components are contained in three field

portable cases for easy deployment. The dimensions of the cases containing the electronic unit

and the video display unit measure 22 x 14 x 16 inches and, the scanning unit case measures

44 X 12 X 15. Each case and contents weigh approximately 20 pounds. The maximum power

requirement for the system is 250 watts.

Scanning Mechanism

The function of the scanning mechanism is to systematically guide the sensor over rail and

provide the data processor with position coordinates (Figure 2). The mechanism is 40 inches

long and weighs approximately 13 pounds. It is connected to the electronic unit by a 20 foot

umbilical cable which provides portability relative to the other support components. To

perform a rail inspection, the scanner is placed on the railhead surface and locked into position

using two magnetic pads. The rail is tested by a five-transducer sensor head (Figure 3). The
transducers project the ultrasonic beams into the rail section at angles of 70 and 38 degrees,

fore and aft, and one beam at zero degrees. This selection of angles gives a good detection

coverage for defects at most orientations. The transducers operate in a transmit/receive mode
and are multiplexed in series. The sensor head scans 30 inches manually in the longitudinal

direction and can be indexed laterally through 7 positions, one quarter of an inch apart. The

sensor head is connected to two position potentiometers the output of which determines the

position coordinates of the sensor head.

Electronic Signal and Data Processor

The ultrasonic electronics and the Central Processing Unit (CPU) are contained in a

Figure 3. Sensor Head
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single portable case. The essential circuitry for the ultrasonics consists of a single transmitter

and the receiver unit for the five transducers which minimizes size and weight. In operation,

each of the transducers is multiplexed in series by the CPU through the transmit-receive unit

at a rate of 120 hertz. The CPU first selects the transmitter to be pulsed and opens the receive

channel so that signals generated by the acoustic echoes can pass into the channel amplifier.

Each amplifier can be adjusted independently. From the amplifier, the signals pass through

a peak signal detector and to an analog-to-digital converter. The digitized acoustic data enters

the main computational loop of the CPU where the processor determines the amplitude of the

signal and calculates its memory storage address. The address is determined from the angle

of the transducer, the arrival time of the signal and the location (the coordinates generated by

the scanning mechanism) of the transducer relative to the rail section. On multiple scans or

in a stationary position where signals are received from the same location (same address), the

largest signal amplitude received is stored in memory. As the transducers are cycled and the

sensor head scans longitudinally and laterally through all positions, acoustic information is

stored in the respective addresses of the memory. The design of the address routing is such

that, upon command, inspection information can be displayed on a video display monitor. The

amplitude of data displayed can be controlled by a threshold control at 10 different levels. The

threshold control provides a means for the operator to select the amplitude of the signals to

be displayed and reject low level noise signals.

Three different video display formats can be selected by the operator: a display for

calibration and trouble shooting, a display to aid in data acquisition ("rail scrubbing") and a

display of the final test results. For calibration, an A trace of each channel can be selected

individually. To support the "rail scrubbing" operation, a display format can be selected to

show top and side views of the flaw together with a histogram of all the echo returns. The

histogram shows the position and amplitude of the echo returns for each longitudinal scan.

This display aids the operator by showing if any new echoes or amplitude increases are

generated with successive scans and, thus, when the scan is completed. The inspection results

can also be displayed in a three dimensional view (top, side, end) of the rail flaw, a number

indicating the absolute area of transverse defects in square inches, the lateral position of the

sensor, and the threshold level used (see Figure 4).

Video Monitor and Video Printer

The video monitor and video printer are commercially available items. Both are con-

tained in a single transport case. The monitor is a high contrast unit with a 12-inch screen. The

unit is connected to the electronic signal and data processor unit through single coaxial cable

and an AC power cord.

The video printer generates a hard copy of the video display on the monitor screen. The

hardcopy is 3.75 x 5.0 inches in size and can be printed in about 15 seconds.

Operation

To operate the system, the components are removed from their cases and interconnected.

AC power is applied to the unit and following warm up, all amplifier gains are set using a

standard calibration procedure. The procedure basically consists of first placing the scanning

unit on a calibration rail which contains a series of holes drilled in the web and head area. Then
with the transducer placed in the proper position (over the hole designated for a particular

channel), the gain level of the acoustic signal reflected from a hole is adjusted to a prede-

termined level. The scanning mechanism is placed on the railhead with flaw location approx-

imately in the middle (longitudinally) of the scanning mechanism. The sensor is brought to the

extreme right position of its longitudinal travel and placed in the first lateral index position.

With the sensor in this position, the reset button in the processing unit is pressed. This clears
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Figure 4. Video Display

the memory and readies the unit to receive data. The "normal" button is pressed to display

the histogram picture. The operator then performs two or more longitudinal scans while

monitoring the histogram presentation to determine if more scans are needed. The scanning

procedure is repeated in each of the sensor head lateral positions.

Upon completion of the scanning operation, the "end view" button is pressed to display

the three dimensional view, the threshold level, and the area of transverse flaws. The "print"

button on the video printer is then pressed to obtain a hardcopy of the test results.

System Performance Results

Two experiments were conducted with the objective to assess the accuracy and repeat-

ability of the system to detect detail fractures and to develop procedures to optimize the use

of the system.

A laboratory experiment was conducted at the Transportation Systems Center (TSC)

under ideal conditions. As part of the experiment, the performance of the system was ci>m-

pared with that of an experienced inspector (ASNT Level 3) using manual ultrasonic tech-

niques. Six rail samples were used in the experiment, each containing a detail fracture. The
flaw sizes ranged from (1.6.3 to 3.94 square inches in cross sectional area. After completion of

the system and manual mapping of the Haws, the rails were broken at the flaw location and

the true flaw sizes were measured.

The procedures used in the experiment were as follows. The flaws in each of the six rail

samples were mapped manually three separate times. To reduce operator bias, the mappings

were performed on separate days with no operator access to the records of previous mappings.
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For the system mappings, three consecutive mappings were performed on each flaw on three

separate days. The mapping series generated three manual maps and nine system maps of each

flaw. Upon completion of the mapping operation, the rails were broken with a hydraulic press

at the location of the flaw so that it was visible to the naked eye. The physical dimensions of

each flaw were measured and the cross section areas were calculated and recorded.

The results of the experiment are shown in Figure 5. The flaw maps (sizes) generated by

the system and the manual operation are plotted against the true size. The numbers next to

the data points are the flaw identification number for each rail sample. Each set of three

system data points represents the average flaw sizes generated by each of the three-day

mapping operations. The manual data points each represent the average flaw size derived from

three mappings. The 45 degree line in the figure represents perfect accuracy. The data shows

that the manual mapping operation tended to underestimate the flaw areas and that the system

method is significantly closer to true size.

A similar experiment was conducted at the Transportation Test Center (TTC) to evaluate

the performance of the system stationed at that facility. Eight rail samples were used in the

experiment. These flaw sizes varied from 0.56 to 1 .61 square inches in cross sectional area. As
in the TSC experiment, the flaws were mapped by the system manually and then the rails were

broken at the flaw location and the true size measured. The calibration procedures and

method of application of the system were also the same.

The data generated from this experiment were plotted in the same form as the TSC
experiment and are shown in Figure 6. The system data points represent the flaw size gener-

ated by one mapping operation. The manual data points represent the average size of a flaw

derived from single mappings by three different operators. These mappings were performed

indoors at room temperature, but the rails had been previously stored outdoors and had

accumulated a significant amount of rust. Prior to the mapping operations, the railhead

surface was sanded and cleaned to improve the coupling of the ultrasound signals into the rail.

This acoustic coupling problem could account for the scatter in the data.

Discussion

The Ultrasonic Rail Flaw Imaging System has been used in the field in a simulated service

environment (FAST) in preparation for the upcoming Defect Growth Rate Pilot Test. Some

operational problems were encountered and work is underway to resolve them. Thus far. the

major problem has been the effect of cold weather on the system's performance. Low tem-

perature increases the viscosity of the glycerin liquid used to couple the ultrasound from the

transducers into the rail. The higher viscosity attenuates ultrasound more effectively and,

therefore, requires higher amplifier gains. One approach which has been used to alleviate this

problem is to calibrate the system in the field using a cold calibration rail. The calibration rail

remains at the flaw location (alongside the track) so that it is in the same environment as the

rail in track containing the flaw. In this way, any attenuation effects caused by the low

temperature will be compensated for in the system calibration.

Preliminary results have shown that this method has improved the system's cold weather

performance. Another approach to the cold weather problem which is scheduled to be tested

is to use ethylene glycol (antifreeze) in place of glycerin. Ethylene glycol and water mixture

is commonly used on detector cars in cold weather and has potential to improve the cold

performance of the flaw imaging system.

The rail surface conditions of the test rails have also caused problems for both the system

and manual mapping operations. The two most significant conditions are rail wear and shelly

surface on the gage corner. Since detail fractures are located at the gage corner, it is important
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that that area of the rail he thoroughly inspected. The sloping and rounded worn surfaces at

the gage corner do not mate well with the Hat rigid bottom of the transducer head and,

therefore, it is difficult to acoustically couple into the railhead from edge to edge. Based on

results from preliminary tests, the width of the bottom surface of the transducer head was

narrowed and this significantly improved the performance.

Shelly rail surfaces have also affected the system's performance. The shelly layers atten-

uate and/or reflect the transmitted ultrasound and, as a result, generate false flaw indications.

Work is continuing at TTC and TSC to develop system procedures and to solve the

operational problems with a goal of getting performance in the field closer to the performance

demonstrated in the laboratory.

The performance tests thus far have focused on detail fractures. It should be pointed out

that transverse flaws (detail fractures, transverse fissures) are probably the most difficult rail

flaw to detect and map using ultrasonic techniques. Bolt hole cracks, horizontal split heads,

head and web separations and other longitudinal flaws are more easily detected and sized.



Techniques for Measuring Longitudinal Forces in Rails

Harry Ceccon*

Each year, a considerable number of train derailments are attributed to track buckling

and rail "separations" (pull-aparts) caused by excessive compressional and tensile forces in

continuous welded rails (CWR) from the variations in the environmental temperature. This

is particularly true in areas where there is a wide variation in the range of the yearly tem-

perature. To minimize the effect of both the high and low temperature stress conditions, CWR
is typically installed in track at a median temperature. Even with precautionary installation

procedures, track buckling and rail pull-aparts occur when the track restraint is overcome as

a result of excessive longitudinal forces generated by train action and the thermal contraction

or expansion of the rails. The potential for derailments caused by excessive longitudinal force

can be reduced by restricting traffic and/or reducing operational speeds when the conditions

exist for track buckling or rail pull-apart. However, the absolute magnitude of the force that

causes the buckling or pull-apart, must be measured by a nondestructive method to establish

where and when such restrictions should be applied.

Recent buckling tests performed jointly by the Southern Railway, the Transportation

Systems Center (TSC) and the Federal Railroad Administration (FRA) have generated data

from which an estimate of the forces which induce track buckling can be determined. Based

on these preliminary findings, it appears to be feasible to estimate the track condition at which

track buckling occurs. The missing link in the approach has been the unavailability of a

convenient nondestructive measuring technique that will determine the longitudinal force in

the track. Current measuring techniques (strain gages, vibrating wire. Berry gage, etc.)

measure changes in stress and. therefore, can give absolute force measurements only after an

initial measurement has been recorded in a force-free condition. Research work is underway

in several areas to develop techniques to measure absolute longitudinal forces in rails without

this initial measurement requirement. At this date, no practical application for field use has

been developed.

Development .Approach and Requirement

Two distinctly different approaches were undertaken by TSC in the development of force

measuring devices. The primary goal was that the device and/or method be capable of giving

an absolute force measurement. One approach is a novel technique which determines the rail

longitudinal force by measuring the effect of stresses within the rail on the magnetic properties

of the steel. The other device is basically an application of strain gage methods. The second

device provides a means to make long term stress measurements by utilizing a "removable"

strain gage mounting.

The driving requirements for this development project have centered on the need for a

device which could give the absolute longitudinal force value, could be used in the field under

adverse environmental conditions, and would be nondestructive. The resultant design goals or

the performance requirements are based on conditions derived from data acquired from track

buckling tests on tangent and curved track. These require that the device be capable of

measuring forces over a range of to ±50 thousand pounds (kips) with a resolution of 1 kip

and uncertainty of 1 kip.

Description of a Magnetic Force Measuring Method

This paper reports preliminary results of a magnetic method to measure longitudinal

"Track Systems Research. DOT Transportation Systems Center
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forces in rails as adapted from a basic method successfully used to measure torque in propeller

shafts in sea-going vessels. With some specialized development work, it appears that the basic

technique can be used to measure longitudinal forces in rails and meet the overall system

requirements.

The magnetic force measuring technique takes advantage of the fact that applied stress

distorts the flux lines of the magnetic field proportionally to the stress level. The basic

components of the magnetic force measuring device are a sensor unit made up of four coils,

an A.C. current source and a voltmeter (see Figure 1). To perform a rail longitudinal force

measurement, the sensor unit is palced in contact with the rail web area where the mea-

surement error effects are minimized. In addition, at this location, the residual stresses within

the rail section are small relative to the stresses generated by the longitudinal forces needed

to buckle track. Further, the rail section geometry is relatively uniform so as to not distort the

induced magnetic field. Once the sensor unit is in place against the rail web surface with the

line between the magnet coils at 45 degrees to the expected force, an alternating current is

applied to two opposing coils to induce a magnetic field in the web area between the pole

pieces of the coil. The two coils are connected in series electrically so as to generate a

north/south pole configuration and complete a magnetic loop through the coil cores and the

rail web. Two identical coils are positioned perpendicular to a line between the magnetic coils

and equidistant from the center line (see Figure 1). These two coils act as sensor coils and are

electrically connected in series, but with the windings opposing each other.

When the magnets are energized, a magnetic flux pattern is generated in the rail web

section between the magnetic coil pole pieces. Under a no-load (no-stress) condition, the

magnetic flux lines patterned between the pole pieces are symmetrical (see Figure 2a). 1 he

two sensor coils are, therefore, located at equal magnetic potentials and the current induced

Voltmeter

AC Power Supply ^H Sensors

1 ] Coll Magnet

Figure 1. Configuration of Magnetic Measurement Method
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in each by the alternating magnetic field is equal. Since the coils oppose each other, the output

voltage is zero to correspond to zero force. When the rail is subjected to longitudinal stress,

the magnetic domains align relative to the direction of the applied force. This has an overall

effect of producing a directional permeability change between the magnet poles and the sensor

poles. The change distorts the magnetic flux line pattern (see Figure 2b) and, as a result, the

two sensor coils are now located at different magnetic potentials. Under this condition,

different voltages are induced in the sensor coils and the net voltage is proportional to the

asymmetry of the magnetic flux line pattern. Prehminary data shows that the resultant output

voltage of the coil is linearly proportional to an applied compressive longitudinal force.

Application and Future Development

The most attractive feature of the force measuring method is that it has the potential to

make absolute force measurements in real-iime in a nondestructive manner. Preliminary data

generated by the prototype device indicates that once the force/voltage calibration factor has

been established for the rail steel, the longitudinal force can be read directly at the time the

measurement is made.

The basic desjgn of the device employs commonly used circuitry and techniques. There-

fore, systems can be assembled with off-the-shelf components. Also, the operational simplicity

of the device suggests that reliable field measurements can be made with very little training.

In the early stages of the refinement of the technique, the major problem has been to

"zero" the instrument, that is to have the instrument record a zero force when the rail is free

of any external longitudinal force. This problem has been traced to residual conditions within

the rail and the design of the sensor head. The rail test section used in the laboratory was found

to contain residual magnetic fields that vary in strength throughout the length of the rail. The
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residual fields affect the force measurements. Four approaches are being tested to solve the

problem. One is to degauss the rail before making the measurement. The second is to use high

magnetic field strengths so that the residual magnetic effects become insignificant. The third

is to make force measurements at only those points where a zero magnetic field is found.

Residual stresses, particularly those oriented in the longitudinal direction, can also affect the

accuracy of the force measurement. This particular problem is being addressed by first deter-

mining whether these residual stresses are of a significant magnitude. The fourth approach

then would be to take measurements at several points within a general area so that the effect

of the varying strength of any multidirectional compressive and/or tensile stresses located in

that area will average out to a minimum value.

The sensor head used in the laboratory to generate preliminary data lacked precision in

its construction and, as a result, the accuracies for locating the sensors within the head were

specified. The sensor coils, when not equidistant from the magnetic coils are, therefore, not

located at the same magnetic potential when the magnetic field is not distorted. This causes

an imbalance in the sensor circuitry and indicates a distorted field when the test specimen is

in a stress-free condition.

Among the problems which are the subject of continuing research is the variance of the

conductance between each of the four pole pieces and the rail web surface. Since the function

of each of the poles is strongly influenced by the contact with the rail web surface, rusty or dirty

rail surfaces could lead to measurement errors. To compensate for this condition, alternative

processing schemes are being analyzed to provide for real-time corrections. One such scheme

currently under investigation is the addition of a fifth sensor in the center of the four coils of

the sensor unit. Using this coil as a common contact point, the variability of the induced

magnetic field and the relative sensitivity of the sensors can be determined by multiplexing

different combinations of coils with each other and the reference coil and calculating the

correction factors using a microprocessor.

Description of a Strain Gage Measuring Technique—("Snip Gage")

Over the years, strain gages have been used to measure stresses caused by external forces

in structural members. In the railroad industry, the application of this technique is frequently

used to measure both residual and applied stresses in rails. Conventionally, strain gages must

be permanently installed directly to the rail surface and. thus, become a permanent fi.xture

over the life of the test. Any attempt to remove them causes irreparable damage. Ideally, one

would like a means for easily installing and removing strain gages so that a series of individual

spot measurements could be made over the long term (one year or more) without affecting the

accuracy of the measurement. This would permit the taking of a stress measurement w hen the

rail is in a stress-free condition, removal of the strain gage and then re-installation of the gage

at a later time when the rail is under stressed conditions. Between each measurement, the

strain gage could be stored under ideal environmental conditions to reduce long-term deg-

radation of the performance that would tKCur if the gage were left in the field. Any drift in

the stability could be monitored and recorded for use to correct subsequent measurements.

A stress/force measuring device is under development at TSC to provide these character-

istics. The device, called a "snip gage", is basically a strain-gage carrier that can be attached

to and removed from a rail without affecting the performance of the strain gages. The present

snip gage design and its name evolved from an earlier design where a "U" shaped carrier was

welded to the rail web at the both ends while the rail was in a stress-free state. When
measurements from a loaded rail were completed, the carrier was cut ("snipped") near one

end and it returned to a stress-free condition so that a strain gage "zero" reading could be

taken. Unsolvable problems were encountered from the welding procedure, which induced
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FIGURE 3

SNIP GAGE ACCURACY AND REPEATABILITY TEST

large residual stresses in the carrier and. thus, lead to large measurement errors. Con-

sequently, this design has been abandoned.

The snip gage is attached to the rail web by two taper pins that are inserted into two

precision drilled holes. The strain gages, a special rosette configuration, are attached to the

flat body of the carrier between the two pins. The device is secured into rigid position by two

nuts on the threaded ends of the taper pins.

A tool has been designed and tested to remove the snip gage from the rail web. This tool

can easily remove the snip gage from the tapered holes while exerting a minimum amount of

extraneous stresses on the strain gages themselves.

Before a rail is installed in track, in the form of a jointed or ribbon rail, two precision

(tapered) holes are drilled into the web. These holes are templated to the taper pins to register

the stress-free state. Then, when the track has imposed a longitudinal force on the installed

rail, the force can be measured by taking the difference between strain-gage readings with the

carrier: 1) inserted in the precision holes; and 2) removed to the free state. (These readings

must be supplemented by temperature measurements on the rail and the carrier, unless the

carrier is left uisertcd long enough to come into thermal equilibrium with the rail.)

Preliminary laboratory test show that the technique is feasible for Held use. Figure 3

summarizes the results of recent laboratory tests of the accuracy and repeatability of the

device. Procedures for improving the application of the technique are continuing in the

laboratory with a primary objective to minimize errors caused by insertion and removal.



Recent Investigations on Lateral Stability of Continuous
Welded Rail Track

Andrew Kish* and Gopal Samavedam**

Summary

The paper reviews recent analytic and experimental studies in track buckling, and

presents results of current work dealing with the analytic predictions of critical buckling loads

and temperatures supported by experimental verification on an operating U.S. mainline

railroad.

The experimental work primarily consisted of two full-scale mainline thermal buckling

tests on the Harrisonburg Line of the Southern Railway. These tests, one on tangent, the other

on a curved segment, were instrumented to measure compressive forces, temperatures, lateral

and longitudinal displacements, and track lateral resistance. The results of the tests were

utilized in the development and validation of analytic models for the prediction of the lateral

buckling response for tangent and curved tracks in the absence of vehicle induced loads.

Analyses verification studies showed that the theoretical predictions are in good agreement

with the test data resulting in an improved understanding of the track buckling mechanism.

Predictions on the influence of track curvature, initial misalignments, and track resistance

parameters on track stability indicate that curved tracks exhibit significantly lower buckling

strengths than tangent tracks, and that misalignments and track lateral resistance have a

significant effect on the lateral buckling response.
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1. Introduction

Thermal buckling of tracks in the lateral plane is an important problem in the design and

maintenance of continuous welded rails (CWR). The severity of the problem can be seen from

the FRA accident statistics which show that during the period 1976-1979, there were at least

100 derailments in each year attributable to track buckling. The reported number of derail-

ments in 1980 was 174, which caused an estimated damage of $14.2 million.' For every

buckling accident resulting in a derailment, there are at least 10 buckling incidents noted and

corrected by timely maintenance.^

Current CWR laying methods utilized by the railroads to minimize the risk of track

buckling are largely empirical. The only guideline available in the U.S. seems to be the AREA
recommended practice,' which specifies a laying temperature range around the expected mean

temperature.

The problem is further complicated by deviations of the neutral temperature from the rail

installation temperature. A large reduction in the rail neutral temperature could lead to

buckling. Track maintenance-of-way engineers need simple inspection procedures to assess

the neutral temperature and economic methods to increase the buckling strength of tracks.

*DOT Transportation Systems Center

"Poster-Miller Associates
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From the foregoing, it is seen that a number of problems of practical significance need to

be resolved in the area of thermal response of continuous welded rails. The current empirical

knowledge of track buckling is clearly not satisfactory, as evidenced by the increased number

of derailments, indicating a strong need for a better understanding of the buckling phenom-

enon. The Federal Railroad Administration (FRA) and the Transportation Systems Center

(TSC) are currently involved in a major research program on this subject, with the ultimate

objective of reducing the number of derailments due to track buckling. Similar research efforts

are underway at British Rail (BR).

The purpose of this paper is to report the recent developments in the understanding and

prediction stability of CWR when subjected to temperature rise. The developments cover

theory, experiment and certain aspects of design and maintenance of CWR. Significant

advances have been made during the last few years. These are expected to result in direct

benefits to the railroad community in the near future.

2. Recent Progress

2.1 Advances in Theory

The fundamentals of track buckling can now be explained by means of the equilibrium

curve (Figure la), which represents the relationship between the temperature increase above

its neutral temperature and lateral displacement. There are two 'ascending' branches, OB and

SC, which represent stable equilibrium configuration whereas the descending branch BS
represents unstable equilibrium positions. There are two critical points of the curve denoted

by ATb and ATs. The former is called the buckUng temperature increase, which is the tem-

perature increase above neutral at which the track will explosively displace into the next stable

branch SC. The temperature ATs is called the safe temperature increase. Below this tem-

perature, the track has only one stable equilibrium branch, hence the track can be exposed

to ambient heating without the risk of buckling, provided that there are no external vehicle

induced loads and dynamic effects in the track.

In the early work by Kerr,"* a theory for the lateral buckling of tangent tracks has been

presented. This gives the safe temperature increase under some simplifying assumptions on

lateral and longitudinal resistances, and no track imperfections. Samavedam^ developed a

more advanced theory that includes track imperfections, nonlinearities in the resistances,

vehicle loads, and missing ties, and presented a versatile Fourier series technique for the

complete solution that yields both the buckling and the safe temperature increases. The theory

was also extended to curved tracks, enabling, for the first time, the determination of safe

temperature limits for curved tracks.

To understand the results of buckling tests on finite tracks (or tracks heated over a finite

length) a theory for finite track has been developed by Kish, Samavedam and Jeong." This

work also presents results of the buckling tests carried out in the U.S. to date.

In summary, the main advances made in the theory make it possible to study the effects

track curvature

track misalignments

nonlinearities in the resistances

missing ties

• vehicle loads

• finite heated length and end stiffness.

2.2 Advances in Test Methodolog>'

It is not intended hero to review tests conducted in the past (for a brief review, see Kerr.')

of:

•



Address by A. Kish and G. Samavedam 567

^

IVdxniN 3A0BV
3SV3dONl 3dniVd3d^31

i

I
f

I

I

r

'I

Q



568 Bulletin 688—American Railway Engineering Association

These early tests were intended mainly to determine the buckling strength of CWR in an

empirical manner. Due to the complexity of the buckling mechanism and the lack of an

appropriate theory, the tests often yielded inconclusive or questionable results. In contrast,

recent buckling tests have been systematically planned and executed with the objective of

verifying the theory and confirm expected behavior. Significant changes in testing have been

incorporated in regard to rail heating, test design, instrumentation and data collection. These

will be described later in this Section. First, a brief review of the recent track buckling test

activities will be presented.

In 1979, Samavedam** conducted a series of buckling tests on a specially built track at Old

Dalby. England, for the British Railways. Tests were conducted on a 328 ft. (100 m) long

concrete tie tangent track with end concrete blocks (sunk in the ground) to prevent end

longitudinal movement. The rails were heated by direct current, obtained by rectifying alter-

nating current from a 3-phase 440 volt supply. The track was instrumented for temperature,

compressive force and displacements. It was found that the end movement of the concrete

blocks occurred and resulted in a varying compressive force distribution different from the

assumption made in the theory.' The test track was redesigned in 1980. to strengthen the end

blocks to minimize the end displacements. Additional buckling tests were carried out in 1980.

which included an external lateral load and the influence of a moving vehicle. No theory was

developed for the case of the moving vehicle.

In the U.S. in 1979, two pilot tests were carried out at Chattanooga. Tennessee, on a 328

ft. (100 m) long CWR track segment on the Southern Railway. As in the British tests,

significant end longitudinal movements were recorded despite the locomotives positioned at

the ends of the test track to provide end restraint. It became clear that the "heated length"

of CWR and the "end stiffness" have significant influence on the buckling temperatures and

the response of the CWR. These effects have not been included in comparison of theory and

test by past investigators of track buckling. The present authors therefore developed an

appropriate theory for the finite track to facilitate planning of the tests and interpretation of

the test results.^

The recent improvements made in the current buckling tests consists of the following:

• Use of track in service using mobile heating equipment consisting of locomotives con-

verted to alternators and reverted back to their normal operation

• Measurements of the compressive force in rails using strain gages

• Measurement of track lateral resistance by a mobile apparatus

• Automated, real time data recording and processing.

3. Recent Buckling Tests

Under the FRA's sponsorship, the buckling test program has concentrated on mainline

tracks, which was prompted by the belief that the practical use of a theory can be validated

and appreciated only when tested in realistic situations. The test results are also expected to

be of direct use to the railroad community.

Mainline buckling tests are typically not undertaken due to the many difficult technical

problems posed by such a large-scale test program. Some of these problems are briefly

discussed here.

(1) Heating Equipment: It is clear that the heating equipment could not be permanently

housed at one location, hence a mobile experiment was needed. The use of diesel-electric

locomotives converted into an alternator as used in the Hungarian tests " was found to be the

most suitable source of rail heating. This concept was successfully demonstrated for the first

time in the U.S. at Chattanooga in conjunction with two pilot buckling tests conducted

cooperatively with the Southern Railway.
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(2) Track Resistance Characterization: Track parameters (lateral and longitudinal re-

sistances) need to be characterized and measured in a convenient manner with as liiile

disruption to traft'ic as possible. Existing methods of parameter measurement have been lound

to be inadequate or impractical and new approaches described in a later section were devel-

oped. A mobile rig used for measuring lateral resistance was the same one fabricated for the

earlier Readvilie track resistance tests.'"

(3) Instrumentation: The track occupancy time is generally extremely limited for min-

imum disruption of traffic. Rapid deployment of instrumentation such as strain gages, lateral

and longitudinal transducers, and temperature transducers was imperative. The rail heating

and buckling experiment had to be completed in less than two hours time. For fast recording

of data, a datalogger was used.

3.1 Test Conduct and Results

Tests were conducted on a tangent track and on a 5 degree curved track during the period

of 21-28 June 1981, on the Harrisonburg Line of the Southern Railway in The Plains, Virginia.

The tests were designed in accordance with the requirements set forth in" and conducted as

planned in the experiment design.'" Participants in the tests were personnel from the Trans-

portation Systems Center (TSC), Federal Railroad Administration (FRA), Foster Miller

Associates, Inc. (FMA). the Southern Railway, and Portec, Inc. The data collected during the

tests were entered in the Buckling Test Data File, available at TSC.

3.2 Tangent Track

The track had 132 lb. continuous welded relay rails on wood ties spaced at 20" on a good

quality granite ballast with 12"-14" shoulder width. Alternate ties were box anchored. The test

section was 656 ft. (200 m) long. A central portion of the test section was tamped. The rail and

the track properties are listed in Table 1. Although the annual tonnage is only about 1.2

million gross tons, the track was maintained to mainline quality standards.

Instrumentation: The primary instrumentation for the buckling test shown in Figure 2

consisted of 11 strain gages (SGi-SGn), four temperature transducers (T1-T4), three longi-

tudinal displacement transducers (U|-U,), and one lateral displacement transducer.

The strain gages were compensated for bending and thermal strains and directly yielded

the force in the rail. The strain gages and the bridge circuit were tested m the laboratory prior

to the application in the field tests.

The 19 transducers were monitored and read at frequent intervals during the test by

means of a datalogger. In addition, three X-Y plotters were used to obtain the real time

graphical output between SG, vs. L, (rail force-lateral deflection response), T, vs. L,

(temperature-lateral dellection response) and SG., vs. LJ, (end stiffness).

Test Procedure: In the early morning of the buckling test day, the rail anchors were

removed, the rails were cut at the ends of the test section, and destressed for the purpi)se of

providing a known uniform stress-free temperature in the rails and a /cro reference level for

the output of the strain gages. The joints were closed subsequently, usmg four insulated joints,

and the track was re-anchored. During the re-anchoring process, rail temperature and the

strain gage readings were recorded. This data was used to determine the ct)rrect stress-free

temperature.

Prior to the installation of the insulated joints, a lateral misalignment was set at the center

using the lateral pull rig designed for a previous test series. The rig applied a lateral force at

the center of the test section. At various lateral load levels. P, the lateral displacements at x,

(i = 0, 1, 2, 3) (Figure 3) were measured using string pot displacement transducers. When a
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TABLE 1 - RAIL AND TRACK PARAMETERS

RAIL PROPERTIES

WEIGHT:

YOUNG'S MODULUS. E:

AREA MOMENT OF INERTIA, 21^:

CROSS SECTIONAL AREA, 2A

COEFFICIENT OF THERMAL EXPANSION, Of

132 LB. AD.

30 X 10'' PS I

2 X W.2 IN.'*

2 X 12.95 IN
2

6.39 X 10"^/^F

TRACK PARAMETERS

(MEASURED OR DERIVED)
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maximum displacement of 2 in. was reached, the lateral load was removed. The track recov-

ered into a final permanent set of 1.6 in. over a length of 36 ft. This constituted the Shape I

type misalignment (see Figure lb) for use in the buckling analysis. The final misalignment

shape was measured relative to a string line. The load-deflection data collected in the misalign-

ment setting was needed for computing the lateral resistance.

After the foregoing operations, the electric resistance heating of the rails was started. The

current was supplied by the two diesel locomotives specially converted to utilize their alterna-

tors as a power heating source. The locomotives were stationed at one end of the test section,

while two hopper cars were placed at the other end to provide symmetrical end restraint

conditions.

Initially, a low current (1000 amps) was provided to check all the instruments for proper

functioning, after which the current was increased to 4000-6000 amps. The current was again

reduced prior to reaching the estimated buckling temperature and the datalogging frequency

was increased until the track buckled. The rate of heating is shown in Figure 4, and the

resulting buckling mode shape in Table 2.

After the track buckled, the current was shut off, and the buckled wave shape was

measured. The heating was then restarted, and continued for another 15 minutes to obtain

additional data on the post-buckling response of the track. The deformed rails incurred

sufficient yielding that replacement was necessary.

3.3 Curved Track

The track for this test was similar to the tangent track, except for a curvature of 5 degrees.

The test length again was 656 ft. (200 m). The procedure was similar to that described for the

tangent track.

Instrumentation: The instrumentation deployment is shown in Figure 5. As in the tangent

track, the instrumentation consisted of 11 strain gages (SG,-SG,,), four temperature trans-

ducers (T1-T4), three longitudinal displacement transducers (Ui-U,), and one lateral displace-

ment transducer. In addition, four lateral displacement transducers (L:-^) were used to study

the radial (lateral) movements in the breathing zone, i.e., zone adjacent to the buckling zone.

All instrument outputs were recorded on a datalogger. As in the tangent track. \-Y plotters

were employed to obtain the response characteristics and the end stiffness.

Test Procedure: Destressing, misalignment installation, rail heating, etc., were all carried

out in the same manner as for the tangent track test. Figure 6 shows the heat rate for the curved

test site. An initial imperfection of 1.5 in. over 36 ft. was installed and force-deflection data

was collected to compute the lateral resistance. The track buckled explosively in Shape I mode

(see Table 2).

3.4 Analyses of Test Results

The following "track parameters" are required for theoretical predictions:

• Stress free temperature

• Initial misalignment

• Lateral resistance

• Longitudinal resistance

• Heated length

• End stiffness

These parameters have been determined using the analysis techniques described in Ref-

erence 6, and arc presented in Table 1. It is interesting to note that the track exhibited
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TABLE 2 : BUCKLED MODE SHAPES FOR TANGENT

AND CURVED TESTS

TANGENT TEST

initial
misalignment

ATg (ABOVE STRESS FREE)

AXIAL FORCE PER RAIL

139'F (AVG.)

13^ TONNES

5* CURVED TEST

Initial
misalignment

ATg (ABOVE STRESS FREE) - 110*F (AVG.)

AXIAL FORCE PER RAIL - 108 TONNES
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relatively high values of lateral resistance, even after tamping. The longitudinal resistance of

the track was also high in spite of only every other tie being box anchored.

3.4.1 Tangent Track Analyses

The rail and the tangent track parameters summarized in Table 1 were used in the general

theory given in Reference 6 to compare with the recorded test data.

Temperature Deflection Response

The theoretical response curves are derived for Shape I and Shape III modes. The

theoretical and the experimental results are plotted in Figure 7.

The theoretical buckling temperature (above neutral) was computed to be 136°F. The test

value is slightly higher at 146°F indicating fairly good agreement. The buckled mode was the

Shape III type. The maximum deflection obtained from Shape III theory is also in reasonable

agreement with test value. Additional post buckling measurements taken after the track

buckled and as the heating continued, are also shown in Figure 7, which confirm the Shape

III theoretical predictions. The theoretical safe temperature increase, ATs is 78°F. It has not

been possible to check this value from the test conducted.

It should be noted that Shape I analysis was used to predict the buckling temperature,

while Shape III analysis for the final mode shape. This is justified because the track started

to buckle in Shape I (due to Shape I imperfection), although its final shape was that of mode
III. The transformation of the mode shape from I to III during buckling appears to be a

common characteristic of the tangent track. The same phenomenon was noticed in the recent

British Rail buckling tests in which a high speed camera recorded the mode change.

Rail-Force Deflection Response

The theoretical rail compressive force values, as obtained in Shape I and III analyses, and

the test results are plotted against the maximum track deflection in Figure 8. Again, the test

results agree better with Shape III theory after buckling, which is a further indication that the

mode change took place during the buckling event.

It is interesting to note that the compressive force in the buckled zone is reduced by 80

percent after buckling. The force in the two rails before buckhng was about 280 metric tons;

after buckling it fell to 60 tons, thus considerable strain energy in the track was released due

to buckling.

Buckled Wave Shape

Figure 9 shows the measured lateral deflections versus the theoretically predicted wave
shapes. The experimental curve is not entirely symmetrical. The theoretical maximum de-

flection is slightly less than the test result. The theoretical and the observed wavelengths are

in good agreement.

Rail Force Variation

The variation of the force along the track just before and just after buckling are shown
in Figure 10, in which a comparison between the theoretical prediction and the test results is

also presented indicating satisfactory agreement. A more complete description of the com-
parison of theory and experiment is shown in Table 3.

3.4.2 Curved Track ,\nalyses

The curved test track results have also been compared to the theoretical predictions with
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the parameters as given in Table 2. Only mode Shape I will be considered in the theory, as

there is no change of mode during buckling.

Temperature-Deflection Response

The theoretical and test results are presented in Figure 11. showing the theoretical

buckling temperature increase to be 119°F and the test value 115°F, indicating good agree-

ment. The theoretical safe temperature increase is 86°F and is higher than the value for the

tangent track due to the higher lateral and longitudinal resistance values in the curved track.

The theoretical deflection amplitude at the buckling temperature is 19.3 inches, whereas

the experimental value was only 14.3 inches, hence the agreement in the post buckling portion

of the response curve is not as good for the curved track, as it is for the tangent track.

Rail-Force Deflection

The compressive force in the rail as obtained from theory is shown plotted against the

maximum central deflection in Figure 12 along with the actual test results. The theoretical

buckling force is about 1 14 kips (250 metric tons) per two rails and the test value is KM) kips

(220 tons). The experimental values follow the trends predicted by the thcorv. After buckling,

the force level dropped to about 59 kips (130 tons), a 4l''f reduction from the prebuckling

level.

Buckled Wave Shape

The measured buckled wave shape is compared with the co?nputed theoretical shape in

Figure 13. The theoretical and test buckling lengths arc in reasonable agreement, while the
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TABLE 3 - SUM.'^RY OF COMPARISON BETWEEN

THEORETICAL AND EXPERIMENTAL

VALUES (TANGENT TRACK)

ITEM
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TABLE 4 - SUmARY OF COMPARISON BETWEEN

THEORETICAL AND EXPERIMENTAL

VALUES (CURVED TRACK)

ITEM
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theoretical buckling deflections are higher than the experimental deflections for the complete

buckled zone. The agreement is not as good as for the tangent track.

Rail Force Variation

A comparison between theory and experiment for forces just before and just after

buckling is illustrated in Figure 14, and a summary of comparison between theoretical and

experimental values is given in Table 4.

4. Sensitivity Analyses

A detailed parametric study and sensitivity analyses has been presented by Samavedam,

Kish and Jeong." A brief summary of the salient features will be given here.

Effect of Lateral Resistance

Lateral resistance is one of the most important parameters influencing the buckling and

the safe temperature increases. Figure 15a shows variations of the temperature increases over

a range of values of the lateral resistance for a track with a small lateral offset. The buckling

temperature is seen to increase at a rapid rate with increasing lateral resistance. At sufficiently

low values of lateral resistance, the buckling and the safe temperatures no longer exist for

tracks with imperfections, i.e., the track will progressively incur larger and larger deflections

without actually buckling in an explosive manner. This is denoted as "progressive buckling."

Effect of Longitudinal Resistance

Longitudinal resistance has very little effect on the buckling temperature increase and a

small influence on the safe temperature increase. Figure 15b shows the variations of safe

temperature with the longitudinal resistance for tangent track. It may be noted from sub-

sequent contour plots presented in Figures 19 and 20 that the longitudinal resistance becomes

more of an influencing factor at high values of lateral resistance.

Effect of Misalignments

Track misalignment amplitudes and shapes have significant influence on the buckling

temperatures with both the amplitude and wavelength of misalignments being important

parameters. Figure 16 shows that the buckling temperature reduces sharply with increasing

amplitude when the wavelength is held constant. It can be noted that the safe temperatures

increase also decreases with increasing amplitude, though not as significantly. At sufficiently

large amplitudes, the buckling and the safe temperatures cease to exist, resulting in

progressive buckling.

The effect of varying the length of imperfection for a constant amplitude is shown in

Figure 17, indicating that the buckling temperature decreases rapidly as the length of misalign-

ment is reduced. Hence, it is concluded that sharp localized imperfections are more dangerous

than those spread over long lengths.

Effect of Curvature

As one would expect, curved tracks have significantly lower buckling strengths than

tangent tracks. Figure 18 shows the change in the safe and the buckling temperature increases

for a range of track curvatures. The results for the tangent track is shown as the infinite radius

(R = ^) case. It is seen that increasing curvature (i.e., decreasing radius) results in reduced

safe and buckling temperature increases, however a much larger reduction is exhibited by the

buckling temperature increases than in the safe temperature increase. This and other causes,

such as reduced stress-free temperature due to radial "breathing", the presence of higher
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lateral vehicle loads, etc., make curved tracks more vulnerable to thermal bucklmg than

tangent tracks.

Other parameters such as the rail cross sectional properties, heated track length, end

stiffness, etc., which can influence the thermal buckling of CWR, are discussed in Reference

13.

5. Design Aspects and Relevant Critical Issues

Safe temperature increase constitutes a more usable basis for providing CWR installation

and maintenance guidelines than the buckling temperature increase, since the latter is substan-

tially more sensitive to parametric influences as shown in Figures 15-18, hence more difficult

to control.

Allowable safe temperature increase values can be easily plotted in the form of contours

as shown in Figures 19 and 20 for 132 lb. rail and various curvatures. As indicated in the

figures, "average" track falling in the resistance ranges of 45 lb/in. to 67 lb/in. exhibits an

allowable safe temperature increase of 67°-85°F for a 5° curve. This implies that in a region

where the maximum anticipated rail temperature is 140°F. for example, rail laying temper-

ature cannot be lower than 73°F provided no reduction in track resistance and neutral tem-

perature occurs.

The track supervisor must assure adequate resistances for his track, which, in general, will

depend on the type of ties, tie spacing, type of fasteners, anchors, ballast type and condition,

consolidation level, etc. Unfortunately, characterization of track resistance for buckling

strength assessments is rather scarce for the US railroad tracks, and although some informa-

tion is available from European measurements, in general, it is not applicable to the U.S.

tracks. Recently obtained U.S. data is summarized in Table 5.
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TABLE 5- TRACK RESISTANCE SUMMARY FROM U.S. TESTS

READVILLE

RAIL 131 Re Jointed

TIES Wood, 20 in. Spacing/ Fair To Poor Condition

RAIL ANCHOR Every Other Tie

BALLAST Traprock/ 8-12 in. Shoulder Width

USE Passenger Service

LATERAL RESISTANCE = 7^4 lb/in

LONGITUDINAL RESISTANCE = 51 lb/in (109 lb/in*)

THE PLAINS

RAIL 132 Re CWR

TIES Wood, 20 in. Spacing, Good Condition

RAIL ANCHOR Every Other Tie

BALLAST Granite, 10-1^ in. S.W. (Tangent); 12 -15 in. S.W. (Curved)

USE freight, Approx. 1.2 Mgt. Per Year

Tangent Curved

LATERAL RESISTANCE = 5^.3 lb/ in 83.3 lb/in

LONGITUDINAL RESISTANCE = 59.3 lb/in 87.2 lb/in

Every Tie Box Anchored
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The safe temperature increase values referred to in Figures 19 and 20, and in earlier

sections, are allowable temperature increases above the rail neutral temperature. The latter

is the temperature at which there will be zero longitudinal force in the rails, and is equal to

the rail laying temperature if adequate destressing has been performed. Unfortunately, the

neutral temperature is known to change, hence differs from the installation temperature. A
combination of factors such as tonnage, operating conditions, inadequate destressing,

"breathing," and seasonal variations can reduce the neutral temperature by WF or more from

its initial installation temperature. A 30°F reduction in neutral temperature could be ex-

tremely critical and easily lead to buckling since now the "apparent" laying temperature is

43°F for a rail that was laid at 73°F. Data and information on the subject of rail neutral

temperature variation for the U.S. railroads are lacking. Some data has been collected by the

British Rail, which may not be applicable for the U.S. tracks. It is hoped, however, that future

research projects will cover this most important topic.

In addition to the critical issues of track resistance and rail neutral temperatures variation,

dynamic effects on the safe temperature increase must also be determined. The importance

of dynamic influences is evident from buckling occurrences under moving trains, and from the

European test data." It is necessary, therefore, to account for this influence on the safe

temperature increase for improved design of CWR.

Until more data and information is available on track resistance characterization, rail

neutral temperature variation and dynamic influences, consideration must be given to interim

preventive measures such as adequate and perhaps more frequent destressing, a sufficient

margin of safety in CWR installation, ensuring adequate track resistance, and imposing speed

and operational restrictions during extremely hot days especially for tracks with curvature

greater than 3°.

6. Conclusions

The current theory for analysis of thermal buckling is adequate for explaining the mech-

anism of track buckling under static conditions. The theory is in a highly developed state and

should be useful to track maintenance and design engineers. It is now possible to study the

effect of track imperfections, curvature, missing ties, vehicle loads, "finite" test lengths, and

other relevant parameters.

Successful buckling test concepts and methodology have been established. The "mobile

heating" technique developed can be used to facilitate rail heating tests on tracks in service.

Measurement and recording data on rail compressive force, temperatures, and displacement

can be carried out automatically. The importance of adequate test section length was shown

by the non-uniform force build-up and test section end displacements, resulting in the im-

provement of analytic predictions by including pre-buckled displacements and end-restraint

parameters.

Both tangent and curved tracks tested on the Southern exhibited relatively high buckling

temperatures (above neutral), in spite of initial imperfections. The curved track exhibited a

lower buckling temperature than the tangent, a less "explosive" type of buckling, and a

smaller wave shape and amplituilc.

Theoretical parametric studies have shown that curved tracks exhibit significantly lower

buckling strength, particularly when curvatures are greater than 3°. Track lateral resistance

and imperfections were also found to be important parameters influencing both the buckling

temperature and the safe allowable temperature increases.

The safe temperature increase should provide an adequate criteria for the design of CWR
//proper adjustments are included for rail neutral temperature variation and for dynamic

influences. These adjustments are currently under investigation.
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Development of A Harmonic Crosslevel Monitor System

Richard A. Murphy*

I. Introduction and Background

Derailments caused by excessive car body rocking are a significant safety problem in

lower speed operations. Work completed at the Transportation Systems Center (TSC) has

shown that car body rocking is accentuated by the periodic occurrence of crosslevel deviations

as small as three quarters of an inch. Under specified levels of "loaded"' crosslevel deviations,

TSC has shown theoretically and has demonstrated in field experiments, that excessive car

body roll, and w heel life does occur for certain high center-of-gravity vehicles. This knowledge

has been translated into a crosslevel specification intended to provide railroads with a measure

of crosslevel variation above which the potential for a rock and roll accident is greatly in-

creased.

This paper is intended to provide a discussion of a system which the railroads can use to

locate track segments which exceed the crosslevel index threshold value.

II. System Requirements

Early in the investigation of high center-of-gravity car response to periodic crosslevel

excitation, it became apparent, due to the need to measure loaded track crosslevel deviations

and to maintain a record of the periodic occurrence of crosslevel deviations, that a simple

measure of a single point crosslevel deviation was inadequate. The final crosslevel formulation

resulted in a need to create a capability to provide the following:

a) a measure of loaded crosslevel at frequent uniform intervals along a track segment;

b) calculation of the average (mean) value of crosslevel for a running 100 foot segment

of track;

c) determination of the deviation of each midpoint crosslevel value from the calculated

running 100 foot mean value to account for normal superelevation;

d) calculation of a running four hundred foot, root mean square of the deviations from

the 100 foot mean; and

e) provisions for the subsequent location of all track segments for which the calculated

crosslevel index exceeded the specified threshold value.

Overriding all of the above requirements was the need to develop a capability that would

be simple and economical for the railroads to use.

III. Design Approach

The first step in the development of the system design was to complete a review of both

existing and state-of-the-art systems to locate one fulfilling specified measurement, calcu-

lations and data recording requirements. Many systems were reviewed including the I'rban

Mass Transit Administration track geometry systems, the geometry measuring system (T-car)

used by the Federal Railroad Administration, the Southerns R-1 car and several mechanical

'DOT Transportation Systems Center
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systems typified by the Plasser EM-80. Unfortunately none of the reviewed systems provided

an economic, heavy axle (loaded) capability. Based upon this review, a decision was made to

create a system from state-of-the-art components that could be operated from a locomotive

cab. A careful review of available components resulted in the following system elements:

a) a rate gyro sensor package (Northrop GRG6)

b) a Memodyne Z80 microprocessor cassette recorder

c) a Trump Ross rotary pulse generator (odometer)

d) a handheld keypad

e) a sensor mounting bracket

f) a line printer

g) a two-channel chart recorder

h) digital speed and footage indicators

i) a 28 VDC power supply, and

j) a 74 volt D.C. to llOV 60 Hz inverter.

The last four elements in the configuration were required only for the first, experimental

package. The ultimate system configuration would not necessarily include these components.

The contribution of each component is discussed in the following section.

A) Rate Gyro Sensor Package—The rate gyro sensor package mounted on the loco-

motive axle, will provide the measure of loaded crosslevel. The rate gyro selected was a

Northrup GRG6 model. This gyro is unfloated and has a wide operational temperature range.

The gyro has also been designed to withstand 500 g shocks. These two factors, temperature

and shock, were the overriding considerations in selecting this gyro. Other parameters of

significance were the resolution, bias drift, and frequency response. For this application the

gyro is housed within the sensor package. This package provides all the requisite excitations,

control, and readout circuitry. The overall size of the gyro is 2.4" long by 1.3" in diameter. The

sensor package is 6.3" by 7.4" by 3.4" weighing a total of 5 lbs. An overall view of the sensor

package is shown in Figure 1.

B) Memodyne 280 microprocessor cassette recorder (Figure 2).—This unit, referred to

as the control unit, has as its primary function, to read, properly record and log the sensor

package output following receipt of interrupt commands. Input interrupts are generated for

every 3.125 ft. of vehicle motion down the track. Pulses, generated by the rotation of the

locomotive wheel are divided by a thumbwheel selectable number located on the face of the

Z80 microprocessor cassette recorder which generates an interrupt at the selected setting. This

feature is required to accommodate wheels of differing diameter. Table I presents typical

settings for various wheel diameters. The microprocessor then completes the moving 100 ft.

mean, the midpoint deviation, and the 400 ft. moving mean of the squares of these midpoint

deviations. The data entered on the cassette tape consists of the following:

1) Raw gyro data every 3.125 ft.

2) M.S.D.s (mean squares of the deviations) every 3.125 ft. after the initial 500 ft. of

trackage. (MSD's instead of RMS values are logged to conserve microprocessor computation

time.)

3) milepost to 3 digits (XXX).
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Figure 1 . Sensor Package

Figure 2. Memodyne Z80 Microprocessor Cassette Recorder
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4) distance from miiepost to the beginning of the exception for each exception.

5) length of each exception in feet.

6) peak magnitude of each exception to nearest 0.05".

All data to be entered are first stored in a buffer register. Once filled, this register is

dumped onto the cassette tape to conserve tape. In this manner, a single tape should cover

approximately 40 miles of trackage.

Upon command, an exception report is generated and the data identified in items 2

through 6, above, is printed out. It should be noted that in the report mode the microprocessor

operates on the MSD's (item 2) to convert it to the desired RMS which is then printed out.

Other outputs of the microprocessor are:

1) a contact closure for each exception

2) an overtemperature alarm and light

3) an RMS exception alarm and light

4) an end-of-tape alarm and light

5) analog rate output (5.7 deg/sec = 10/MVDC)

6) analog RMS output (.02 inches RMS/0.4 Volts DC)

C) The Rotary Pulse Generator—To satisfy the requirement to provide input pulses as

distance traveled information to the Z80 microprocessor for generation of the 3.125 ft. inter-

rupt, a ruggedized Trump Ross Rotary Pulse Generator (R.P.G.) Model 59565 with 1000 pulse

per revolution is utilized. Depending on the wheel diameter and the gear ratio of the right

angle end of axle adapter, the pulses can be directly converted into track distance traversed

in feet.

A review of the GP7, GP9, GP38, and GP40 locomotives was conducted to ascertain the

best method of installing this R.P.G. The criteria used were survivability, installation time,

and special personnel requirements. The method selected was to remove the speed indicator

recorder located in the locomotive cab and adapt the R.P.G. to interface directly with the

mechanical drive linkage. Figure 3 shows this configuration which is universally adapted to

replace the Barco or Chicago Pneumatic speed indicators.

D) Handheld Keypad—A handheld keyboard Termiflex Model HT 3 is provided with the

system which permits the operator to enter mileposts as the vehicle proceeds along the track.

This operation is important for reducing accumulated error due to wheel slippage and as an

aid in locating the exceptions reported. System accuracy is enhanced with multiple miiepost

entries. As the axle containing the package passes a miiepost marker, the preselected miiepost

setting is entered at the touch of a button. All exception distances are computed from the last

entered miiepost. Without miiepost entries the microprocessor will accumulate footage to

99,999 ft. (aprox. 19 miles) before automatically resetting to zero.

E) The Sensor Mounting Bracket—The Sensor Mounting Bracket (SMB) is a specially

designed and fabricated fixture to permit interfacing the sensor package to the end of the

locomotive's axle (see Figure 4). The bracket is a modified standard shock mount base

reinforced to remove resonances inherent in its structure. Attached to this base is a shock
mounted structure employing standard Barry Model E22 shock and vibration isolators. The
isolated structure has high impact stops added to limit overload stresses to the Barry mounts.

This configuration provides a secure mounting for the sensor package free from high fre-

quency medium and low g force inputs. Only high g inputs of 40 g and larger with a long pulse
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Figure 3. Trump Ross Encoder with Universal Mount

Figure 4. Bracket Installed (Typical)
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duration will cause the platform to bottom out and the force to be absorbed by the sensor

package. This design achieves the goal recommended by the Gyro manufacturer to limit the

low and medium g, high frequency environment.

F) Line Printer—Upon command the microprocessor will read the prerecorded tape and

generate an exception report to an Anadex Model M9500 line printer. A sample of a typical

printout obtained on actual class 3 trackage for a distance of 6 miles is shown in Table I.

G) Two Channel Chart Recorder—To display the two analog outputs of the micro-

processor, an MFE Strip Chart Recorder (Model 1200) is utilized. This recorder was selected

because it is rugged, employs thermal writing, and has a remote chart drive option which

allows the chart advance to be controlled by the Rotary Pulse Generator. This provides a

record of the track crosslevel and RMS deviation values independent of the vehicle speed, thus

permitting direct comparison of multiple runs over the same section of track. High-speed chart

operation is also selectable enabling the operator to more closely examine rail joint character-

istics when traversing bolted jointed rail.

H) Digital Speed and Footage Indicators—TSC produced units which convert the Rotary

Pulse Generator output pulses to a digital indication of track footage traversed and vehicle

speed in miles per hour. These were added as aids to: verify proper wheel diameter; locating

upcoming mileposts; verify that the consist is operating within the 40 MPH maximum speed

limitations of the system.

I) 28 Volt D.C. Power Supply—The Northrop Sensor package and the Z80 micro-

processor both require 28 V.D.C. excitation. The provide this power requirement, a standard

Acopian Power Supply, Model VA28H1100 is utilized.

Table I—Typical Exception Report

Mile

051

052

054

055

056

057

Distance
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J) The Inverter—Items g), h). and i) require 11()VW)HZ exeitation. Standard power on

a GP locomotive is 74 Volts D.C. A special 74 Volt DC to 1 10 Volt 60 Hz inverter is used to

convert power to the required console AC power. All AC equipment, including a high

intensity utility lamp, are operated from this source.

IV. System Applications

A. Harmonic Crosslevel Monitor System (HCLMS)—The HCLMS is designed for a

specific purpose. Preliminary use of the system as depicted in Table II "A Typical Exception

Report" indicates that it performs accurately.

B. Other uses—It is anticipated that as more experience is gained with the use of the

system, other applications will be developed. One obvious use observed during the initial

tryout of the system is that of a joint monitor for bolted jointed rail to detect battered or

pumping joints. A planned use of the data acquired by the system is to re-analyze the raw data

accumulated vs. alternative analytical scenarios. This would be done to determine if alternate

analytical presentations would be more meaningful or provide better correlation to accident

records.

C. Future developments—Possible operational improvements have been identified for

the system and its operation. It is anticipated that a portable battery power supply and a

streamlined system may be developed which can readily be installed on any locomotive by one

operator. No special power supplies or recorders would be required. An additional future use

would be adaptation to a hy-rail vehicle to serve as an aid to the M.O.W. track crews.

A future modification of the system may permit monitoring of track alignment and truck

hunting. Some data on this could be obtained by a physical re-orientation of the existing

package.



Implementation of the Crosslevel Index

Philip A. Mattson*

Introduction

The activities described in this paper detail the first attempt at applying a new "Second

Generation" index of quality for track crosslevel. The major innovation in the design of the

Crosslevel Index, or CLI, is to consider the cumulative effect of recurring crosslevel deviations

in track surface, in addition to simply the magnitude of those deviations. Up until this time,

track maintenance actions to correct crosslevel problems have been treated largely on the basis

of point by point exceptions to a fixed limit for a given track class without regard to their

possible cumulative effect. The results of track/train dynamic studies of harmonic rock and roll

indicate that, single, isolated crosslevel deviations are not the root cause of rock and roll

problems, but that the repetitively occuring type of deviations characterized by successive low

joints '.1 bolted rail track do have a significant effect.

In an attempt to bridge this gap between the state-of-the-art knowledge of track/train

dynamics and the real world of limited maintenance budgets and the need to prioritize track

repair, the CLI is being experimentally implemented as a guide to track maintenance aimed

at reducing derailments due to harmonic crosslevel problems. Through the cooperation of the

Chessie System, 70 miles of single track located between Clarksburg and Parkersburg in West

Virginia, is being measured periodically for crosslevel deviations in an ongoing study. From

these measurements obtained with automated equipment, the value of CLI is calculated.

When sections of track exceed a threshold value of CLI, it indicates that there are track

conditions capable of generating dangerous harmonic rocking of certain car types. Priorities

in maintenance of track to correct bad crosslevel can generally be equated to the magnitude

of the threshold exceedance of the CLI.

The Chessie System is maintaining track on the Parkersburg Line in response to mea-

surements of the Crosslevel Index. Through this pilot study, it is hoped that the viability of

the CLI as an improvement in the method of prioritization of track maintenance can be

evaluated. In conjuction with this effort, a prototype "bolt-on" gyroscopic crosslevel sensing

system has been developed that makes "loaded" track measurements and alleviates the need

for full scale automated track geometry vehicles to generate the CLI. A brief description of

the CLI. the bolt-on system and the results of the CLI experience to date on the Parkersburg

Line are covered in this paper.

I. Calculation of Crosslevel Index From Track Geometry Measurements

A. Performance Requirement

The definition of the Crosslevel index (CLI) and the threshold value differentiating

"good" and bad" quality track can be stated as follows:

If the root mean square (CLI) of the deviations of crosslevel from the moving average

crosslevel over 1(X) feet is more than inches (preliminary threshold values presently being

investigated range from 0..^ to 0.4) for any 400 feet of track, the potential for a harmonic rock

and roll accident is significantly increased.

In other words, when CLI is greater than the threshold value there is a high probability

that the adverse car dynamics (car body roll greater than 5 degrees, or wheelift of one inch

or more) will result in the derailment of high center-of-gravity cars. The extensive body of

work analyzing track/train dynamics and the generation of the CLI is documented in reference

•Construction Engineering Branch. DOT Transportation Systems Center
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1 and will not be repeated here. The CLI is designed for use with automated track geometry

measurement systems capable of continuously measuring crosslevel deviations under loaded

track conditions. There follows a further explanation of CLI calculation as it is accomplished

using crosslevel measurements.

B. CLI Calculations

As previously stated, the CLI is calculated from measurements of crosslevel taken by

automated equipment. The algorithm is based on the assumption of measurements being

taken at 2 foot intervals along the track. However, adjustments in the compulation can be

made to allow for different constant intervals of track geometry observations without any

significant loss of accuracy. (Such is the case in the gyro-crosslevel system where mea-

surements are taken at slightly over 3.1 foot intervals.)

As a means of demonstrating the CLI calculation, the performance requirement stated

above will be examined. Refer to Figure 1 where track diagrams are provided as an aid to

understanding, in a building-block approach, the constituent elements of this potential track

safety performance specification (repeated below).

Trains may move at speeds greater than MPH (value to be determined) if the root mean

square (CLI) of the deviations of crosslevel from the moving average crosslevel over 100 feet

is less than 0.3* inch for any 400 feet of track.

1. "... moving average crosslevel over 100 feet . .

."

Designated XL,,,,,, the moving average crosslevel is the sum of the individual crosslevel

irregularities over a 100 foot distance (or "window") divided by the number of measurements

taken, or simply the arithmetic average of crosslevel measurements.

On hypothetically perfect tangent track (Figure la), the value of XL,nr) would be zero.

On hypothetically perfect track in a spiral or curve (Figure 1-b) the term XL^m would approxi-

mately the average superelevation of the high rail.

2. ".
. . the deviation of crosslevel from the moving average over 100 feet . .

."

At a point "P" in Figure 1-c, located at the midpoint of the 100 foot moving window, the

crosslevel value is designated XL,.. The difference between the crosslevel at P and the average

deviation over the 100 foot window (distance of P minus 30 feet to P plus .SO feet) can be

expressed as (XLp - XL,,,,). This term then relates the crosslevel at P to the average crosslevel

over the window length. Thus, when a measurement is being made over a curve or spiral, the

effect of superelevation is thereby taken into account.

3. ".
. . The root mean square of the deviations . .

." for any 400 feet of track.

In Figure 1-d, the term (XLp - XL,,,,) is calculated at appropriate intervals throughout the

400 foot window. The sum of the square of these terms is then divided by the total number

of terms or measurements, and the square root is taken to obtam the root mean square, which

is then defined as the CLI. This may be written:

^ [

sum of (XLp - XL,,,,)- terms over 400')
|

I 2{K) readings in 400'
J

= less than 0.3* for "good" track; "good" track would be track which would not be

expected to create a rock and roll derailment problem.

'Preliminary values



604 Bulletin 688—American Railway Engineering Association

^=^^
^S=^

s:s. "S.

^Oo^

"^^ *•>

FIGURE 1-a. 100 FOOT WINDOW, TANGENT TRACK

T
SUPERELEVATION

FIGURE 1-b. 100 FOOT WINDOW, SPIRAL OR CURVE TRACK

(P-50)

P+50)

FIGURE 1-c. 100 FOOT MOVING WINDOW WITH P AT THE MIDPOINT

400'

» t I f M 1 1 I I I 1 1 1 1 ! 1 1 .1 1 1 1 1 1 1 1 I ''*' ',
' " 1 1 n"""^ " '

pV^d(^'
'

I I

'

l

P+400

'

I I

FIGURE 1-d. CONSECUTIVE 100 FOOT WINDOWS OVER 400 FEET
OF TRACK

FIGURE 1. CLI CALCULATION



Address by P. A. Mattson 60S

2.0

PERMISSIBLE CROSSLEVEL VARIATIONS IN 400 FEET OF TRACK

1/2 STAGGERED 39' RAIL LENGTHS

1 2 3 4 5 6 7

Number of Occurrences

FIGURE 2. PERMISSIBLE CROSSLEVEL VARIATIONS FOR CLI =0.3

C. Threshold Value

Extensive documentation of the track/train dynamic studies which are the theoretical

basis of the cross level index threshold value of 0.3 exists in reference 1 and will not be

repeated here. However, there follows a brief description of the "Worst Case Scenario", of

track irregularities, vehicle characteristics and operating conditions which constitute the basis

for establishing the form of the CLI and the safe boundaries. The worst case scenario consists

of:

• bolted joint rail of 39' lengths laid at half-stagger.

• 100 ton fully loaded covered hopper vehicle.

• train speed resulting in maximum roil angle for these conditions (generally 12-20 mph).

Figure 2 demonstrates the cumulative effect of multiple crosslevel variations as they occur

within the 400 foot measurement window. For example, two crosslevel irregularities of ampli-

tude 1.4 inches occuring in 400 feet of otherwise perfect track will result in a CLI value of 0.3,

or equal to the theoretical threshold value. If there was only one exception of 1.4 inches, the

CLI would fall below the threshold curve, and would therefore indicate "good" quality track

with a CLI value somewhat less than 0.3. Conversely, three exceptions of 1 .4 inches within 4CX)

feet of track would fall above the curve, representing "bad" quality track with regard to track

crosslevel.

Figure 2 is a graphic simplification of the computational technique, and is presented only

as an aid to understanding the methodology. Actual track crosslevel measurements normally

result in a wide range in the value of deviations occuring in any 400 feet of track. Hence the

need for the computation reviewed in the previous section. Obviously a hand calculation of

the CLI would be exceedingly tedious. The application of such a track quality index is made
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practical only through the use of improved track geometry measurement systems and com-

puter capabilities.

D. Crosslevel Measurement Results

All track crosslevel surveys used in the preparation of this report have been made using

full-sized track geometry vehicles. (Future surveys will use the axle-mounted measurement

system.) Subsequent post-processing of the raw crosslevel data has produced the CLI plots,

examples of which are shown in Figures 3 & 4. The channels of data, from bottom to top, are

as follows: 1) the event marker, showing the location of switches, bridges, grade crossing, etc.;

2) the raw crosslevel channel, identical to that from the standard FRA Office of Safety survey;

3) the plot of the 100 foot-mean-removed (see section IB "CLI Calculations", part 2); and

most importantly 4) the plot of the actual Crosslevel Index.

In the case of Figure 3, the exception is of about 200 foot length, occuring on tangent

track, in the area of two switches. The magnitude of CLI is approximately 0.34. The high level

of activity in channel 3 indicates that the major problem area is 100 feet of track located

centrally about the east switch. Limited spot surfacing work here would probably be sufficient

to reduce the overall value of CLI to something less than 0.3, the critical threshold. However,

the general area west of the east switch is uniformly rough, and most likely would also require

maintenance in the near future.

In Figure 4, the CLI exception registers over a distance of about 400 feet of track. This

example demonstrates a peculiarity of the algorithm which generates the index. That is, any

single crosslevel deviation of sufficiently large magnitude will trigger a high CLI value as the

entire 400 foot measurement window passes over the trouble spot. In reality, there is only

approximately 20 feet of particularly bad crosslevel at the center of the exception. Therefore,

the length alone of a CLI exception can be a misleading indicator of the extent of remedial

work required.

E. Prototype Crosslevel System

As the CLI concept was progressing to the stage of trial implementation, a parallel effort

was directed at developing a relatively inexpensive prototype measurement system to collect

the crosslevel data required to generate the CLI. While the FRA geometry (T-cars) and other

full-sized track geometry vehicles could be adapted to this purpose, their high operating costs

and unique design features were seen as potential barriers to the acceptance of the new safety

index. Therefore, a measurement package was developed to "bolt-on"" to a locomotive axle

bearing cap.

Table 1 lists the equipment necessary to conduct crosslevel measurements using the

prototype "bolt-on" gyroscopic measurement system in conjunction with a GP-series loco-

motive. All equipment is either mounted on the locomotive or carried in the cab during the

data collection run. The purpose of the items is as follows:

• Items 1 & 2 configure the various components with the 74 Volt DC on-board power
source.

• Items 3 & 4 are the primary units for receiving data input and recording output.

• Item 5 is the gyro-scopic sensor package which mounts on the locomotive end-of-axle.

• Item 6 is the atchometer, required to count wheel revolutions.

• Items 7 & 8 are the sensor-mounting and speed coupler adapters.

Complete installation of the prototype unit on a locomotive requires approximately
one hour or less. Chessie support facilities for installation and removal are available at

Grafton and Parkersburg, W.VA.
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III. Test Design

A. "Control" and "Test" Sections

Simply stated, the basic premise underlying the CLI implementation is to maintain one

of the two approximately equal track segments in the study area (the "test"" section) in

response to the CLI measurements. The effectiveness of the CLI implementation will be

determined by comparison of costs with the "control" segment maintained by standard oper-

ating procedures.

The study area commences at milepost 305, just west of Clarksburg, and continues

westward to milepost 375, approximately 8 miles east of Parkersburg. The "test" section is

approximately one-half the study area length, running from milepost 331 to 365. Track char-

acteristics are comparable in the two segments. The gradient in the entire study are ranges up

to about 1.4%, with roughly equivalent distribution in the test and control sections. Table 2

represents a comparision of the amount of tangent, curve and spiral track present in both

sections.

Table 2

Occurrence of Curve, Tangent and Spiral Track In The Study Area, By Length.

Track Type Test Section Control Section

Tangent 24% 28%
Spiral 35% 31%
Curve 41% 41%
Total 100% 100%

B. Data Collection

1. Crosslevel Index Data

As described in Section A, the CLI can be calculated from crosslevel measurements
obtained with dedicated track geometry measurement vehicles. In order to provide "loaded"

track crosslevel measurements without the need for a dedicated crew or vehicle, TSC devel-

oped an automatic axle-mounted gyroscopic measurement system, used at Parkersburg in

February, 1982. Post-processing of historic track geometry data taken at Parkersburg as far

back as 1977 has been analyzed in assessing patterns of track degradation (see Section E , Track

Geometry/CLI History).

On February 22, 1982, the CLI measurement system was transported to the Chessie

facility at Grafton, West Virginia, where it was installed on a locomotive scheduled for revenue

service. This included mounting the sensor package on the axle and installing the support

equipment in the cab (Tachometer, data collection and recording unit, power supply, etc).

During the regularly-scheduled movement to Parkersburg. data was collected and processed

en-route. Upon arrival at Parkersburg, a strip chart plot of CLI was available, similar to

conventional track geometry printouts. Maintenance of way personnel were subsequently

advised of track conditions with regard to crosslevel, to identify those areas where the most
serious dynamic car response was likely to occur.

2. Maintenance and Cost Recording

During this study, the results of CLI measurements were analyzed at the DOT Trans-

portation Systems Center in Cambridge. Massachusetts, prior to transmittal to the Chessie
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System. A report was prepared outlining the nature and the location of CLI exceptions to the

threshold value for the test section only. Because track geometry measurements are taken

under a loaded track condition, it may not always be visually apparent that significant surface

irregularities arc present, rhcrelore, the length of the exception and its location with regard

to mileposts, numbered curves, switches, bridges, etc., is provided to guide maintenance

personnel.

Upon receipt of CLI information, the Chessie will carry out appropriate remedial actions.

A record of maintenance performed is provided through the Engineering Information System.

This will include a description of the activity, e.g. spot surfacing, and the associated costs. At

the end of the study, a comparison of maintenance cost between the test and control sections

will be made to help evaluate the impact of implementing the CLI.

IV. Description of Study Area

The series of track geometry crosslevel measurements are being taken on 70 miles of

single track on the Chessie System, known as the Parkersburg Line. Situated in the rolling

terrain of the Ohio River Valley in West Virginia, the former Baltimore and Ohio track now
carries about 12 million gross tons of traffic annually, consisting mainly of merchandise and

unit coal trains. Due to the very hilly terrain about three quarters of the total study area by

length consists of spiral and curve track. In some areas, the rugged topography limits the

optimum use of spirals, resulting in relatively abrupt changes in alignment and crosslevel. Such

conditions contribute to rapid track geometry degradation.

The selection of the Parkersburg Line for the pilot CLI implementation represented a

compromise of the many track characteristics desired for the "idear" site. Perhaps the most

important site selection criteria were deemed to be 1) a history of crosslevel-related derail-

ments 2) a relatively short surfacing cycle, and 3) a line where reasonably good documentation

of maintenance activities could be obtained. These were considered essential to conduct a

viable trial application over a feasible time frame (on the order of 2 years) with sufficiently

reliable data to be considered conclusive.

The Parkersburg Line met the above requirements. The surfacing cycle is in the neigh-

borhood of 2 to 3 years, with frequent need for spot surfacing at sink areas, reverse curves,

etc. As of the spring of 1980, the Chessie System had implemented a computer-based en-

gineering maintenance planning and recording program (the Engineering Information Sys-

tem, or EIS). This was a significant factor, as past maintenance experiments on revenue track

generally suffered from the burden imposed by added record-keeping on maintenance-of-way

personnel. And perhaps most importantly, the Parkersburg Line has had a history of crosslevel

problems, among the worst on the Chessie System.

As noted earlier, the primary purpose of the pilot implementation is to demonstrate the

viability of applying a new track quality measurement system, lb that end. the significance of

the efforts at Parkersburg will be measured by the degree to which the CLI system can be

successfully integrated into the existing maintenance-of-way decision-making process.

V. History of Track Geometry/CLI Results

A. 1977

The Parkersburg Branch has had a history of crosslevel-related derailments and rapid

deterioration of track geometry. The FRA's ri-T3 track geometry car conducted a survey of

the line in May, 1977. Subsequent post-processing of the data tape revealed that there were

144 exceptions of a CLI threshold value of 0.3, representing 5.9 miles of exceptions in 70 miles

of track, or 8.4% of the total. Figure 5 depicts the occurrence and magnitude of the exceptions
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per mile. Also shown are the test section bounds extending from mileposts 331 to 365 mclu-

sive, the remainder of the pilot study area being the control section. The entire pilot study is

being conducted on track maintained by the Salem district of the Monongah Division.

B. September, 1980

On September 12, 1980, a special track geometry survey of the Parkersburg Branch was

made with the FRA's T-6 car for the purpose of documenting the base line conditions in the

study area. Figure 6 shows the results of the survey, and the dramatic drop in the CLI

exceptions. Only 0.7% of the track was considered to have a high probability of causing

adverse dynamic interaction (i.e., excessive rock and roll and wheelift). The major factor in

the overall improvement of the track condition as indicated by the CLI is best demonstrated

by Figure 7, showing the extensive surfacing and tie replacement activities in the intervening

3 year period between surveys.

C. April, 1981

The result of this series of CLI measurements, again obtained with a full-sized track

geometry vehicle, are depicted in Figure 8. A slight increase in overall CLI activity was noted

over the 8-month period from the previous data collection. Maintenance activities were

underway in the study area at the time of the measurements, with a surfacing unit proceeding

from west to east, and this situation is reflected in the distribution of CLI exceptions shown

on Figure 8. It can be assumed that the resurfacing activities conducted through the remaining

study area resulted in similarly reduced CLI activity in the cast portion approaching

Clarksburg.

Table 3 summarizes the incidence of CLI exceptions to a 0.3 threshold for the above 3

surveys.

Table 3

Comparison of Chessie Surveys

Crosslevel Index (CLI) Exceptions

to a 0.3 Threshold

Year

Parameter 1977 1980 1981

Number of CLI Exceptions 144 17 27

Total Feet of CLI Exceptions 31,150 2.533 5,208

Percent of Pilot Study

Track (70 Miles)

Exceeding 0.3 CLI 8.4 0.7 1.4

Percent of Mile Segments

Containing an Exception 76 17 26

VI. Maintenance Respon.se to CLI Exceptions

Upon the completion of the analysis of the track geometry/CLI data from the April. 1981

.

survey, an identification of CLI deviation locations was prepared at the Transportation Sys-

tems Center for use by the Monogah Division of the Chcssic System This document described
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the nature and location of four significant CLI exceptions which were detected in the "test'

section of the pilot study area (see Tabic 4):

Table 4

CLI Exceptions From the April, 1981 Survey

Exceptions CLI Value Length, ft.

1-A 0.40 400

1-B 0.39 150

1-C 0.39 400

1-D 0.36 750

Upon receipt of the CLI report, the Chessie determined that three of the four problem

areas had already received spot surfacing, and the fourth (exception 1-B in Table 4) was

scheduled for maintenance. These preliminary results tend to support the view that con-

ventional decision-making in maintenance planning will generally correlate with the results of

CLI measurements.

The significant advantage in the use of CLI is the quantification of the track quality. This

allows the most effective use of limited maintenance resources. Regardless of the geographic

distribution of track which is in need of crosslevel maintenance, the CLI can become a

common reference from which deterioration rates can be estimated and maintenance priorities

can be established with a high degree of confidence.

VII. Preliminary Analysis of the Locations of CLI Exceptions

Table 2 shows the percent distribution (by length) of curve, tangent, and spiral track in

the "test" and "control" sections of the study area.

As previously noted, the length of an exception can be a misleading indicator of the

severity of crosslevel deviation. For the purpose of analyzing the limited number of CLI

exceptions encountered in this study, however, length has been used in combination with the

number of exceptions observed in order to provide as complete a picture as possible of the

incidence of CLI exceptions.

Figure 9 depicts the occurence of all CLI exceptions for curve, spiral and tangent track

as observed in the three track surveys discussed in Section E. In Figure 9a. the exceptions for

the control section are displayed by percent, as are the results for the test section in Figure

9b.

A review of these data in conjunction with those shown in Table 2 leads to the following

observations:

• The length of curved track exceptions is proportional to the amount of curved track in

the study area

• The length of tangent track exceptions is low with regard to the amount of tangent track

overall

• The length of spiral track exceptions is high in proportion to the incidence of spiral

track.

In other words, the interim results of applying the CLI at Parkcrsburp show that spiral

track is particularly problematic with regard to harmonic crosslevel control.

An analysis of track gradient with regard to its possible influence on CLI exceptions was

inconclusive. No correlation was detected.
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PRELI MINARY ANALYSIS OF THE LOCATIONS

OF CLI EXCEPTIONS

BASED ON 1980 AND 1981 SURVEY DATA

CONTROL SECTION

BY LENGTH BY NUMBER

(A)

TEST SECTION

BY LENGTH BY NUMBER

(B)

FIGURE 9. INCIDENCE OF CLI EXCEPTIONS FOR CURVE, SPIRAL, AND
TANGENT TRACK.
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VIII. Future Activities

It is planned that the ongoing CLI implementation at Parkersburg will last through the

year 1982. Upon completion, a compilation of track degradation and maintenance activities

will be analyzed for the test and control sections to evaluate the effectiveness of the CLI as

a guide to track maintenance. A parallel effort is envisioned to apply the CLI system on a

one-time major rehabilitation on another road, most probably the Boston & Maine. The

thrust of that study is to employ CLI as a guide to rehabilitation of low tonnage bolted joint

track. Further studies will be required to finalize CLI threshold value(s) which are appropriate

for various vehicles, train speeds, traffic, and track conditions. Also, the inclusion of addi-

tional track geometry parameters, such as alignment and gauge, are being considered in the

ongoing track/train dynamic studies.

Reference

L "Analytic Description of Dynamically Severe Track Geometry Variations" Federal

Railroad Administration, Report No. RTE-80-10, October, 1979.



A Process for the Continuous Heat Treatment of Rail

D. H. stone*

F. J. Boyle**

1.0 Introduction

During the past fifteen years the average freight car capacity has increased by 30 percent.

'

The serviceability of the existing standard rail steel has, as a result of these increasing loads,

been adversely affected. This occurs especially in the area of curve wear and to some extent

in the rate of rail defect formation where wear and defect growth rates grow as an exponential

function of load." Past experience has shown that heat-treated rails provide a more wear

resistant rail. For example, data from both FAST' and field tests indicate that the use of

heat-treated rail can extend rail life by a factor of three.

Unfortunately, there exists a lack of defect data for high-strength rail. However, the

number of cycles to failure is a function of the endurance limit of the rail steel, and the ratio

of the endurance limit of high-strength steel to standard steel is approximately 1.45. Experi-

ence on the railway system in the Soviet Union has shown the defect occurrence rate to be

extended by a factor of 1.5." Since Soviet rail metallurgies are virtually the same as those in

the U.S., the above estimates should be valid for our use.

Hyzak and Bernstein" have shown that heat-treating has the advantage of being capable

of producing a rail with both improved strength and toughness. This is due to the fact that

strength increases with decreased pearlite spacing which can be obtained by accelerating the

cooling of the rail. Toughness on the other hand may be improved by refining the prior

austenitic grain size which can be accomplished by reheating the rails to a relatively low

austenitizing temperature. Because rapid cooling and austenitizing temperature are indepen-

dent, improved toughness with improved strength is obtainable.

Given the railroad industry's increasing need for high-strength rail and the fact that the

metallurgical principles for developing the necessary mechanical properties are now well

understood, the next step is to develop a process which would use developed technology to fill

the need for increasing amounts of high strength rail steel. Further, if a continuous process

could be developed, strings of welded rail could be heat-treated which would eliminate the

weld-softened zone which can be a source of problems in existing flash-butt welded rail.

Finally, the process must be cost effective. To this end. the AAR Metallurgy Division in

conjunction with the Selas Corporation of America proposed the construction and operation

of a pilot facility to develop and evaluate a process for the continuous heat-treatment of rails.

2.0 Economic Analysis of the Continuous Heat-Treatment of Rail

To evaluate the potential economic benefit of this project to the railroad industry, an

economic analysis was performed by M. B. Hargrove of the AAR Engineering Economics

Division.

The study has been divided into two alternatives. The alternative most similar to the

current heat-treated rail purchased by the railroads is considered first. This alternative consists

of heal treating individual rail sections (nominally .i9 feet long) prior to welding into con-

tinuous strings. The second alternative considers heat treating the rails after they are welded

into continuous strings.

The analysis is done on an after-tax basis assuming a 51 percent tax rate and a ten percent

•Man.igcr. Mclallurg\ Division. Association of American Railroads
"Selas Corporation of America

620
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investment tax credit. However, the incremental costs of heat treatment per ton ot rail are

equivalent purchase costs to the rail industry. The current incremental cost of heat-treated rail

is $2()0 per ton to the industry and is directly comparable to the costs per ton shown in Tables

1 and 2.

The study assumes an annual production level of 48.()()() tons. This is the typical produc-

tion level for rail welding facilities. To achieve this level of production the heat-treat plant must

be operated for d.OOl) hours per year at its nominal capacity of eight tons per hour.

2.1 Heat Treatment of Individual Rail Sections

For the base economic analysis, it is assumed that 1) the heat treatment of the individual

rail sections will take place immediately prior to welding; 2) the rail section will he handled

on roller tables between the heat treatment facility and the welding plant; and 3) the required

in process inventory ahead of the welding operation will be held on the roller tables.

In addition . it is assumed that a crew of two will be required to operate the heat-treat plant

in addition to those currently performing similar handling functions for the welding plant. One
person will be required to monitor the heat-treat furnace and the quench spray. The other

Table 1

Annual Costs Associated With Heat Treatment of 39' Individual Rails Production

Level—48,000 Tons/^ear
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person will be used to insure proper flow of rails into and out of the heat-treat facility.

Table 1 presents the results of the analysis for individual rail sections. The table shows the

costs by category for the base case (the best available estimates), the maximum level (the

highest expected cost for each category), and the incremental cost increase associated with the

increase from the base to maximum levels for each category. For example, an increase in the

cost of the heat-treat plant from the base level ($1,747,000) to the maximum level ($3,444,000)

results in a heat-treatment cost increase of $6/ton.

The cost category to which the cost of heat treatment is most sensitive, is the cost of

defective rails or waste. The incremental cost associated with an increase in waste from zero

to ten percent is $47 per ton. This large cost associated with waste clearly indicates the

unacceptability of this level of waste. An alternative, such as a rail straightener. must be

considered if the development program indicates defects may generated in the heat-treat

process.

The current railroad practice is not to heat treat all continuous welded rail but only in

areas of high curvature. To study the affect of reduced production on the cost of heat

treatment, an analysis was run for a production level of 24,000 tons per year. At this level the

cost per ton increases from $21 to $30 using the base level costs.

Table 2

Annual Costs Associated With Heat Treatment of Welded Rail Strings Production

Level^8,000 Tons/Year
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2.2 Heat Treatment of Welded Rail Strings

For this alternative, the heat treatment wDuld tollow the rail welding operation. The two

laeilities would he either approximately one-loiirth ol a mile apart or he plaeed side hy side.

In either case, the rails would be placed in a small capacity in process storage rack by an in-feed

device, then removed from the storage rack by an out-feed device lor heat treatment.

A crew of three will be required to operate the heat treat facility—one person to monitor

the performance of the heat-treat furnace and t|uench spray: two persons will he required to

operate the materials handling equipment required to move the rail strings between the two

facilities.

Table 2 presents the results of the analysis for welded rail strings. This table, similar to

Table 1. shows the total estimated cost per ton as well as the sensitivity to changes in the

various cost components.

The factor with the highest sensitivity is the amount of waste heat treatment will generate.

A ten percent waste factor causes an increase of $47 per ton or 142 percent.

The cost of heat treatment if the plant is operated at 4S.(I()() tons per year is $33 per ton.

However, if onlv 24. ()()() tons per vear are heat treated, the cost increases to $47 per ton.

Based on this analysis, work was undertaken on the dcxclopment of the process and

construction of the pilot facility.

3.0 Equipment Description

The testing was conducted using the pilot furnace and quench, as shown in Figures 1 and

2. It consists of an inline furnace with approximately 24 feet (7.32 m) of effective heating

length. The furnace is preceded hy a preheat section of lour feet (1.22 m). A quench station

consisting of spray nozzles, quenchant pumping and cooling circuit and containment tank

follows the furnace. Figure 3. Material handling equipment, including conveyors and hoists.

is situated at either end of the system.

3.1 Combu.stion System

The furnace is fired by Selas DNS.SOO Duradiant. Nozzle-Mix Burners. The heating

section is divided into three zones of control, one per barrel with four DNS.'^(H) burners in each

zone, for a total of 12 burners. Two burners fire from the top of each zime and one burner is

located on each sidewall. Combustion takes place within the ceramic cup of these burners,

thereby radiating heat to the rail without flame impingement.

The preheat section is fired by 12 Selas K554 Duradiant burners on the roof and three

Selas K5.'>2 Duradiant burners on each sidewall. The wall burners were found to be unneces-

sary and were not usetl tluring the hulk of the test program. The roof burners also radiate heat

to the top oi the rail head without direct flame impingement.

The furnace is divided into three zones of temperature and cross-connected regulator

ratio control. Thermocouples placed in each zone send signals to a temperature controller

which activates a motor driven combustion air valve in accordance with increased or decreased

demand. An impulse signal in the combustion air line is directed through a double diaphragm

regulator to a regulator located in the gas line. As the an- fUnv changes in the comlnisiion air

line, a pressure differential causes the regulator in the gas line to fluctuate maintaining an

accurate fuel/air ratio over the entire operating range. The preheat section contains one

thermocouple which sends a signal to a temperature indicating controller. Combustion air flow

is controlled through a hutterlly valve. An inspirator is used lor ratio control and mixing air

and gas. The air moving through the inspirator creates a suction and draws gas into the system
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Figure 2. Overall View of Pilot Rail Heat-treating Facilit\ Showing. Irom Left to Right.

Preheat Furnace, Three Barrel! Furnaces and Quenching Unit.

at a flow proportional to the air How. The mixed air and gas is then delivered to the burners.

Combustion air is delivered to the entire system through an air blower rated at 1350 cfm

(0.637 mVs) and 32 psi (220 KPa) static pressure.

3.2 Quench

The quench is approximately 5-'/: feet (1.68 m) long relative to rail travel. It has a

collection tank below the unit. The quench assembly consists of a series of sprav nozzles

extending along the length of the rail for a distance of 4 feet ( 1 .22 m). These nozzles are angled

downstream of the rail travel, and apply quenchant from lour sides.

The quench circuit consists of a pump rated at 250 gpm (0. 16 m" s) and 5(1 feet ( 15.2 m)

head, which supplies quenchant to the system. The quenchant collected in the tank below the

spray nozzles drains by gravity into an auxiliary holding tank. This supplies quenchant to the

pump. The quenchant then flcnvs through a water-cooled heat exchanger rateil at 1.7 13. '^00

BTU/hr. (502.2 KW) and then back into the quench system. Healers are located in both tanks

to maintain the required quench bath temperature. The quench concentration is measured

using a dynamic viscosity tester.

A double basket strainer is located in the discharge line of the quench tank in order to

prevent foreign matter, such as scale from the rails, from becoming Unlged in the pump or

spray nozzles. The two baskets allow one basket to be removed and cleaned while a test is in

operation.

3.3 Mechanical System

The furnace is made up of three barrel-type furnace modules with internal water-cooled
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Figure 3. Quench Unit with Heat-treated Rail
Emerging at Right Below Steam Cloud.
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rolls on 3.5 feet (1.07 m) centers for supporting and conveying the rails. Alternate roils arc

between furnace modules at the center of the module. Cooling water is supplied to these five

roils at approximately 20 gpm (0.(M)13 mVs) and 30 psi (207 KPa) pressure.

Roller conveyors are situated at cither end of the pilot line for conveying the rails as they

enter or exit the system. Rolls are on 18 in. (45.7 cm) centers, A conveyor is located below

the furnace for transporting rails into the testing area for each day's run. Two '/: ton electric

hoists are located at both entry and exit ends of the furnace for loading and unloading the rails.

Furnace rolls and conveyor rolls are chain driven from a common one hp motor and speed

reducer.

3.3.1 Furnace

The furnace is comprised of three rectangular modules each 5 feet (1.52 m) long. The

interior of each module measures 33 in. (84 cm) high and 36 in. (91 cm) wide. A 2 foot (0.6

m) long section joins each module and contains the flue section. The casing is comprised of

10 GA low carbon steel on the sidewalls, roof and hearth. Structural steel channels and angles

support the sidewalls and roof, while a structural steel "F" beam framework is located below

the furnace. The roof sections are removable for maintenance purposes by separation at the

bolted flange on the structural steel framework. The preheater section also consists of 10 GA
low carbon steel supported by a structural steel framework. The interior measures 3 feet (91

cm) long and has a height of 24 in. (61 cm), the width ranges from a maximum of 9 in. (22.9

cm) to a minimum of 5 in. (12.7 cm) in order to accommodate the irregular shape of the rail.

The furnace refractory consists of 9 in. (22.8 cm) of insulating firebrick on the hearth and

6 in. (15.2 cm) of 8 pound density Kaowool modules on the roof and sidewalls. The two flue

sections located between the three furnace modules are comprised of 3 in. (7.6 cm) of

insulating castable followed by 6 in (15.2 cm) of insulating firebrick on the hot face. The

preheat section refractory consists of 6 in. (15.2 cm) of ceramic fiber board.

3.3.2 Controls

The furnace control system is comprised of a complete set of safety equipment. A safety

air purge system, as well as FM cocks located in the fuel line of each burner, insure that the

furnace manual reset safety valve cannot be opened until the furnace is safe for light-up. Once

all FM valves are closed, the timed safety purge system is started which provides the required

number of air changes necessary to purge the furnace of any combustibles. Additionally, the

furnace has a separate set of safety items in the main fuel line consisting of a high gas pressure

switch, a low gas pressure switch, blocking valve, vent valve, and manual reset valves. A low

air pressure switch in the combustion air line is also a part of the safety system.

A spark-ignited pilot mounted on one burner in the central zone of the furnace allows

overnight operation of the burner. Flame failure on this burner is sensed by a I'V detector and

a solenoid valve in the gas line will close upon loss of flame. Furnace zone overtemperature

protection is accomplished through the use of a separate thermocouple in each zone which is

connected to the temperature recorder. A backset switch on this recorder closes the main fuel

manual reset valve if an overtemperature condition should exist. There is alarm on quench low

water and alarm and automatic shutdown of the furnace due to fuel or air failure or furnace

overtemperature.

All furnace controls are mounted in a free-standing NEMA 12 control cabinet. A 12-point

strip chart recorder, three temperature indicating controllers and one temperature indicator

are mounted on this cabinet. There are butt<ins and indicating lights also mounted on the

cabinet for the combustion air blower, purge cycle, pilot gas, main gas, load conveyor, furnace
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conveyor, and quench pump. There are also a set of lights to indicate the condition if an alarm

is set off.

4.0 Process Description

The process objective was to continuously and in-line heat-treat rails throughout their full

cross section to produce a fine pearlitic structure with hardness range between Re 34 to 40

(Brinell 321 to 363). Additionally, the heat-treated rails were to be within commercially

acceptable straightness tolerances and have an acceptable residual stress pattern.

The proposed approach was to use three, in-line, barrel furnace modules with internal

rolls for supporting and conveying the rails in a single-strand, as shown in Figure 1. Fast

heating to a low but uniform austenitizing temperature was desired to shorten the time of the

rail at elevated temperature to produce a fine austenite grain. This also minimizes oxidation

and decarburization. The former condition promotes more uniform response to quenching

and the latter, particularly in high carbon rail steel, contributes to good surface wear

characteristics.

Fast heating is provided through high furnace temperature. Typical temperatures in the

three furnace heating zones were 1900T, 1900°F and 1750T (1038°C, 1038°C and 954°C). A
patterned burner arrangement in the refractory chamber and chamber-zone heating control

provided temperature uniformity.

The nonuniform cross section of the rail would cause it to distort when rapidly heated in

the furnace. This problem was eliminated by preheating the rail head (heaviest section) to

approximately 850°F (454°C) before the rail entered the heating furnace. This allowed the

heavy rail head and lighter web and flange areas to reach a uniform austenitizing temperature

simultaneously in the third heating zone. The rail then exited the furnace straight and at a

uniform temperature.

The proper degree of preheat was determined by running rail sections, with thermo-

couples attached to the heavy and light sections, in separate preliminary tests in other furnaces

in the Selas Laboratory. However, one rail with thermocouples was run through the pilot

facility with the results shown schematically in Figure 4.

Consequently, a preheat furnace section was incorporated in the pilot line to preferen-

tially preheat the rail head before the rail entered the three heating zones. This preliminary

heating data was also used to determine heating furnace length and combustion system sizing.

The desired fine pearlitic microstructure was obtained by a uniform, continuous quench

whose quench severity or cooling rate was adjustable.

Quenching parameters were first studied with a short 12 in. (30 cm) 132 RE rail section

in the Selas Laboratory. Thermocouples were attached to the rail section, it was heated to a

uniform austenitizing temperature and quenched using various synthetic quenches and differ-

ent concentrations and temperatures. Cooling curves were obtained and hardness surveys

were made of the rail cross section. These tests indicated Houghton's Aqua Quench 1 10 at 10

percent concentration in an aqueous solution and MOT (60°C) gave acceptable hardness

results.

A quench. Figure 3, was designed and built which incorporated a spray design with spray

nozzles placed around the periphery of the rail and along the length of the rail. Each nozzle

was individually controlled through a valve. This permitted adjusting the rate of quenchant
flow between the heavier and lighter rail sections and along the length of the rail. This control

allowed the heavier and lighter sections to cool at rates that produced a narrow hardness range

between sections.
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In addition to individual nozzle flow rate control, quenchant temperature was variable

and controllable by use of immersion heaters and a water-cooled heat exchanger.

Further evaluation of quenching parameters was performed on the pilot line with full size

rail sections. These tests caused some modifications to be made to the quench. It was learned

from these tests that the quench was the limiting factor affecting pilot line productivity.

Maximum travel speed through the quench was limited to approximately 2 fpm (0.6 m/min.J,

although the furnace could heat 132 RE rail at 3 fpm (0.9 m/min.).

5.0 Material

The quenchant materials chosen for the testing program were Aqua Quench 1 10. manu-

factured by E. F. Houghton and Company, and Ucon HT. manufactured by Union Carbide

and distributed by Tenaxol, Inc. Initial testing of the two synthetic quenchants indicated the

Aqua Quench 1 10 to be the best choice for quenching rails. The quenching chracteristics of

this material is attributed to an extended vapor phase and slow heat extraction during the

boiling range due to high viscosities of the sodium polyacrylates.

The testing material consisted of 1 15 RE and 132 RE rails at 39 feet ( 12 m) lengths. New
and used rails and used rails with welds were tested.

6.0 Procedures

After the pilot furnace installation was completed, several rails were run through the

system to become familiar with its operation. These initial runs were necessary in order to

determine the following parameters.

6.

1

Preheater operating temperature necessary to preheat the heavier sections of the rail

to a temperature of 800-90()°F (427-482°C). This was necessary in order to bring the rail up

to its desired temperature uniformly, and also avoid thermal stresses that may cause distortion

in heating.

6.2 Furnace operating temperatures necessary to bring the rail to the desired aus-

tcnitizing temperature of 15.5trF (843"C). This was accomplished by using a thermocoupled

rail and measuring the temperature distribution at different points on the rail.

6.3 Confirm laboratory tests for type of quenchant and range of temperatures and con-

centrations necessary to acquire the desired metallurgical properties.

These initial runs were also helpful in finding and eliminating many start-up difficulties

which would have interfered with the formal testing program.

The test program for the pilot line proceeded as follows:

Tesl Runs

1-14 Debugging and set-up.

15-20 Runs with 132 RE rails to determine optimum conditions for the best combination of

acceptable hardness profile and straightness.

21-44 Sustained run to produce heat treated 132 RE rails for subsequent life tests.

45-47 Runs with 115 RE rails to determine optimum conditions for best combination of

acceptable hardness profile and straightness.

48-75 Sustained run to produce heat treated 115 RE rails for subsequent life tests.

6.4 Test Procedure for Typical Run

The following procedure is typical for the formal testing program. Hardness and straight-
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ness data from the previous run was analyzed. Then the new test conditions were selected. This

involved choosing spray nozzle positions, spray ancles and flow rates for the quenching system.

Once these parameters were defined, a rail would be nuned inti) the quench and the various

adjustments made.

The desired concentration of synthetic quenchant would be chosen, along with the desired

quench bath temperature. Quenchant would be added to the water and the concentration

determined by checking the dynamic viscosity. The quench heaters were turned on at the

desired temperature setting the night before a run to insure that the target bath temperature

was reached by the time of the test.

The type of rail (new, used, welded) would then be chosen and initial distortion mea-

surements made. These measurements included distortion in both the horizontal and vertical

planes, and were taken at 18 in. (0.46 m) intervals.

On the day of a test, the furnace was prepared in the following manner. The furnace roll

drives were started and cooling water to the rolls turned on at the desired flow rates. The
combustion air blower would be started and the zone air control valves fully opened. This

started a five minute purge of the system. Once the purge was completed, all main gas valves

could be opened. With the zonal air control valves set at 25 percent open, each zone would

be lit manually using a lighting torch. Once all burners were established, the furnace would

be brought on to automatic control. Each zone temperature would then be increased to its

predetermined setting.

The furnace reached operating temperatures in approximately two hours. Then a short

pilot rail would be sent through the furnace ahead of the test rail. The test rail would then be

started through the furnace, with the lead end butted up against the trailing end of the pilot

rail. Another pilot rail would follow the test rail with its lead end butted against the trailing

end of the test rail. The following items were then checked:

1. Temperature of the head, web and flange after the preheat. All temperatures were

obtained through the use of an optical pyrometer.

2. Temperature of the head, web and flange prior to entering the quench.

3. Speed of the rail as it moved through the furnace and quench.

4. Visual inspection of rail distortion before and alter quenching.

5. Stabilized zone temperatures and quench bath temperature.

The travel direction of the rail through the pilot line would be marked on the rail with the

test number. After completion of a test, the rail would again be checked for distortion in both

the horizontal and vertical planes. Samples would be torch cut from the test rail for hardness

measurements. The torch cut ends were immersed in water during cutting to restrict heating

effect within 3 in. (7. .5 cm) of the ends. Samples from selected rails were sent to AAR
laboratories for metallurgical tests.

7.0 Description of Meta!lur(;ical Testing and Results

Chemical, physical, and metallurgical tests were performed on the following rail speci-

mens: 16. 17. IS. 20. and 4,S. which represented rails of comparable hardness to commercially

available high strength rails.

7.1 Chemical Analysis

A sample was removed from the head of each rail for spectrographic analysis. The

quantitative chemical compositions that were determined are shown in Table 3.
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Table 3

Chemical Composition of Selected Test Rails
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Figure 5. Positions at which Rockwell C Measurements were
Made.

LINE A- 16 READINGS. LINE B

13 READINGS.

3 READINGS. LAST

READING IS AT BC INTERSECT.

LINE G
B READINGS,

MARKED WITH"X':

LINE D-16 READINGS

Notes: 1. All readings except lines F and G listed with 1/16 in.

below surface first and. toward interior by 1/16 in.

intervals.
2. Line r has readings listed from right to left with 5th

reading on £.
3. Line G is on center line with readings listed frdta top

to bottom.
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(A) Near Surface

(B) 3/4 in. Below Surface

Figure 6. Mic r o s t r uc t ur e of Rail 20 (132 RE

Used) after Heat Treating at X500 Etched in

Nital. A is Near Surface Showing no Evidence
of Prior Plastic Flow.



636 Bulletin 688—American Railway Engineering Association

(B)

Figure 7. Micros true ture of Rail 45 (115 RE
Used) after Heat Treating, XIOOO, Etched
in Nital. A is near Surface Showing no
Evidence of Prior Plastic Deformation.
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Figure 8. Rail
132 RE Rail.

20: Nital-etched Section of
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45"

Figure 9. Rail
115 RE Rail.

45: Nital-etched Section of
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Figure 10. Rail 20
132 RE Rail.

Deep-etched Section of
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Figure 1 1 . Rail
115 RE Rail.

45: Deep-etched Section of
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8.0 Straightness Results

Rail distortion was measured and recorded for selected test runs. These measurements,

which were obtained before and after a test, were taken at 18 in. (.46 m) intervals along the

full length of the rail. This included both horizontal and vertical distortion. This data was not

taken for rails 1-14, since these first rails were used in the initial debugging and test setup of

the system.

The straightness data is presented in two different ways. Figures 12 and 13 show straight-

ness results for the rails. This graphical representation shows the distortion of the rail at 18 in.

(.46 m) intervals in both the horizontal and vertical planes. Appendix A presents in tabular

form the maximum vertical camber (A) and its location (B) relative to the lead end of the rail,

after heat treating of all the rails (15-75). The horizontal distortion has been classified into

four categories. This includes a leading end sweep toward the right side when facing the

direction of travel (C). a leading end sweep toward the left side of the furnace (D), a full length

bow toward the left side (E), and a full length bow toward the right side (F).

9.0 Roller Straightening

During the test program, it became evident that a straight rail with acceptable hardness

properties could not be obtained with the existing quench unit. Therefore, 132 RE rails 24-38,

4()-44 and 115 RE rails 48-52, 54-61, 63, 65-71, 73-75 were shipped to Bethlehem Steel's

Steelton Plant to be straightened in their one-plane straightener. This roller straightener,

manufactured by Mesta Machine Company, straightens the rails in only the vertical plane. It

is also limited to straightening within a few inches of either of the ends. This operation requires

"gag" straightening following roller straightening in order to correct any horizontal distortion.

During the straightening of the 132 RE rails, two broke in the roller straightener (28,29)

and two rails broke during "gag" straightening (24,33). One of the rails (33) broke through

a bolt hole and the other rail (24) developed a fracture in the web section which propagated

through the full length of the rail. During gag straightening, two of the 1 15 RE rails fractured

and two other 1 15 RE rails had small pieces break off the ends of the rail.

The rails were examined after roller straightening and a number of the rails had developed

spalled areas on the head of the rail which had entered the rollers first. This had not been

observed on the 132 RE rails. These areas where fragments had broken off the head of the

rail are believed to be attributed to the vertical camber of the rail which had to be forced into

the rollers. Because of the excessive vertical distortion in certain rails, they were bumped by

another rail behind it to force the rail through the rolls.

10.0 Discussion

Results of the metallurgical analysis show that a process will produce rails with mechanical

properties equivalent to commercially available high strength steels. Ihe results shou thai

quench concentration and temperature are critical parameters to obtaining rails with the

proper microstructure and properties. It is clear that the concentration of Aqua Quench 1 10

must be between 8 to 12 percent, and the quenching solution temperature must be controlled

between 135 to UO'F (57 to 60 C). For example, tests run with either low quench concentra-

tions (e.g. 5 percent) or low solution temperatures (e.g. I25°F (52°C)) tended to promote a

thin layer of martensite on the rail head and occasionally at the flange tips. Conversely, when

tests were run with quench solution temperatures of 150 F (66"(") the depth of hardening t)f

the rail head was unacceptably low.

The major problem encountered in the process was that of controlling rail straightness

within acceptable limits.
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The furnace with preheater heated the full rail section to austenitic temperature and the

rail exited the furnace without distortion despite some slight distortion at the exit of the

preheater. The rails were conveyed on rolls with their flange resting on the rolls. Distortion

out of the preheater was a positive camber in the vertical direction or the rail head was convex

upward.

The rail exiting the quench, however, was usually distorted with a positive camber. This

condition varied but was only eliminated when the quenching rate was less than that required

to develop aim properties. In other words, when acceptable hardness properties were ob-

tained, the rail was distorted and when straight rails were produced the hardness was too low.

Apparently, the slower cooling rate associated with low hardness caused a better balance of

residual quenching stresses and thus a straighter rail. Rails which developed martensite on the

head surface distorted in the same manner as the correctly heat-treated rails but to a lesser

extent.

The most typical distortion pattern was an upward camber at the leading 13 to 16 feet (4

to 5 m) of the rail with the remainder of the rail relatively undistorted. It is believed that this

is caused by the front of the rail assuming an upsweep as it passes through the relatively short

quench while exiting at approximately 300°F n50°C) on the head surface. This unsupported

weight would then cause the weaker portion of the rail at 1550°F {843°C) to bend downward

with the positive camber as a result. This mode of distortion may be minimized on a production

unit by extending the quenching unit to bring the entire rail head temperature down to near

the quenchant temperature. Some of the rails also displayed a lateral camber in the first 13 to

16 feet (4 to 5 M) indicating that the rail became off center in the quench when the upsweep

occurred. Inasmuch as the rail section was symmetrical in the vertical axis, the solution to the

problem should be remedied by placing positive centering guides through the quench.

The possibilities for dealing with the vertical straightness problem are as follows. If

continuous welded strings are being heat treated, a 16 foot (4.9 m) section could be cut from

the lead rail of the string. Existing data on 39 foot sections suggest that this may be the most

cost-effective solution; however no experimental work was conducted on longer strings.

Therefore, some initial risk is involved in implementing this solution due to the lack of data

on distortion in long strings. Further, this solution is unacceptable if individual rails are to be

treated since material loss would be run to 40 percent while the loss in welded strings is only

1.6 percent.

The second possibility is to pre-bend and restrain the rail as it passes through the quench.

Some technology for this method exists for restraining plates during quenching,' and for

prc-bcnd rails during heat treatment of head-hardened rails.'*" Again, these methods are

untried in this pilot facility; and therefore further engineering work would be required.

The third possibility, which is covered in the economic analysis and was employed herein

is roller straightening of the strings in line after heat treatment. The roller straightening has

the advantages of 1) being a more proven straightening technique. 2) providing positive

straightening of the entire string. 3) may be applied to single rails, and 4) breaking used rails

which contain unobserved service defects before field installation. The major disadvantage is

added cost.

The final set of solutions would be combining restraint pre-bending with roller straight-

ening. The chief advantage of this system would be to increase roller straightener productivity,

especially in the case of the treatment of individual rails.

As indicated in experimental results seven rails broke during the straightening process.

All of the rails that broke were used rails. Inasmuch as the straightening processes may be

considered a slow bend lest of the rail, it is instructive to review the oriiiins of the seven

failures.
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Rail 24 split down the web from a transverse break at a weld when it was dropped 2 or

3 feet, and a third section of the web broke the web from the lower portion of the web fracture.

Rail 28 broke from a thin martcnsitc layer that developed over the entire head surface. It is

surmised that this rail may have become impeded while passing through the quench. Rail 29

broke at a martensite area in the head web fillet. Rail 33 failed from a pre-existing bolt hole

crack. Rail 60 failed from one of several head checks that was present on the running surface

of the rail before treatment. Therefore, if used rails arc to be heat treated, care should be

taken to remove sharp edges, which may promote locally rapid cooling with the formation of

martensite. However, if straightening is employed it has the advantage of culling rails with

prior defects prior to placing the strings in track. It should be emphasized that none of the new

rails failed during straightening.

11.0 Weld Homogenization

A final benefit of the process, when applied to welded strings, is that the weld-zone is

homogenized. Inasmuch as the weld metal is reaustenitized upon heating to 155()°F (843°C)

the weld metal when cooled assumes the same structure as the rest of the rail, and as the

structure is now uniform across the weld so is the hardness. Figure 14 shows a weld in rail 19

which has had a horizontal plane ground and macroetched. The structure is completely

uniform in the longitudinal direction. The only structural evidence of the weld is the existence

of the fusion line running in the transverse direction which is less than Vm in. (U.8 mm) wide.

The Rockwell "C" hardnesses are less than one point along the center line and quarter line

of the rail. Therefore the problem weld batter due to the weld soften zones encountered when

welding singly heat treated is eliminated by this process.

Figure 14. Section of Rail with Weld and
Rail Head Plane Etched in Nital Showing
Extremely Uniform Weld Zone.
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12.0 Conclusions

1. The process variables and quench composition have been established which produce

the proper metallurgical structure to give strengths and hardness levels equivalent to commer-

cially available high-strength rails on both the 132 RE and 115 RE rails.

2. Properties and microstructure are heavily dependent upon quenchant temperature and

concentration. If either of these parameters is allowed to change significantly, undesirable

properties will result.

3. The rails exited the furnace at a uniform temperature and were straight. This was

attributed to preheating the head of the rail before it entered the high thermal head heating

zone. Preheating the heavier head section insures that the rail will be heated to a uniform

temperature. Furthermore, thermal stresses which cause distortion in heating are minimized.

4. The rails distorted in the quench when the quenching severity was sufficient to produce

the aim properties. Straightness of the rail out of the quench remained a major problem.

3. It was necessary to supply more quenchant to the heavier mass of the head then to the

web and flange in order to obtain uniform properties throughout the rail cross section.

6. The length of the quench should be longer since the temperature of the rail head

exiting the quench was too high relative to distortion effect. Some rails were observed to

continue to distort on the run-out table despite the fact they had been cooled low enough to

develop the aim mechanical properties.

7. The lower rail temperature out of the quench will minimize the drag out of the

synthetic quenchant.

8. Soil should be removed from used rails before heat treating since it does not burn off

in the furnace. It retards heating and quenching. Considerable rust and scale from the incom-

ing rails is removed by the quench. This accumulates in the quench tank. Care must be taken

in a production operation to provide settling tanks which can be easily cleaned. Also, filters

must be provided in the return line to protect the pump and prevent scale from clogging the

nozzles.

9. The vertical straightness of the lead 13 to 16 feet (4.0 to 4.9 m) of the rails is un-

acceptable. On continuous welded rails this portion might be discarded with a minor cost

penalty. However, if single rails are to be heat treated, further straightening is necessary.

10. The rails also contain a horizontal camber, and it is believed that this is the result of

the rails becoming off-center in the quench. This problem is easily rectified by providing

centering guides through the quench.

i 1. The cost analysis shows that the process is economically attractive.

12. When heat treating used rails, the metallurgical characteristics of prior plastic flow

are lost, and the structure is replaced by cquiaxed colonies of fine pearlite. Further, if fatigue

cracks have not been initiated, any fatigue damage in the rail should be rcnuned.

13. The structure of the entire weld and weld heat-affected zone are homogenized re-

sulting in a uniform microstructure and hardness throughout the rail.

13.0 Recommendations

1. Any production installation will require some method to straighten the rails. It is

recommended that a rail guide and restraint device be incorporated in the line between the

furnace and the midpoint of the quench. The purpose of the guide is to insure that the rail
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enters the quench in a centered position. Otherwise the rail will be subjected to an uneven

quench resulting in distt>rtion which causes the rail to become further off center in the quench

and the degree ol distortion increases. Ihe restraint device is required to compensate for the

vertical distortion that occurs in the quench. The purpose of the restraint would be to pre-bend

the rail before it enters the quench to offset the distortion that occurs in the quench. It is not

anticipated that the restraint equipment will produce completely straight rails. I he rails would

still require roller straightening.

2. An appreciable part of the operating costs is for synthetic quenchant. Steps must be

taken to reduce quenchant drag out to the lowest level. A less expensive quenchant may be

available with the proper quenching rate properties. This test program did not exhaustively

search or test all available quenchants.
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ANNUAL LUNCHEON



Luncheon Address

Robert W. Blanchette*

I am pleased at the opportunity to participate in this conference for it gives me an

opportunity to get better acquainted with you. I i^now the FRA and AREA have had a long

and productive relationship and that both our organizations have benefited from this cooper-

ative approach to problem solving.

This type of public/private relationship is what I see as FRA's role with the railroad

industry in the coming years. Our people serve on the Association's technical committees;

meet regularly to discuss subjects of mutual concern such as the track standards, electrification

or equipment components; participate in field tests; and help to develop industry performance

specifications for various types of materials. The Government is working with the industry, not

telling it what to do.

To elaborate a bit on how I see FRA's changing role, I am going to talk to you today about

our new approach to railroad safety, research and development and how the new regulatory

climate affects the industry as a whole.

First, I will discuss the most important area of the FRA's involvement in railroading

—

safety. It is the single most important role we have to play.

Government attempts to increase the safety of rail operations date back into the last

century. The first safety law, the Safety Appliance Act. was passed in 1893. It sought to ensure

that equipment be in proper working order to reduce on-the-job casualties. We have made
considerable progress over the years. I don't have a figure for the employee death toll in 1893,

but in 1907 there were 4,534 railroad employees killed, as compared with nearly 100 annually

in recent years.

In 1910, the Accident Reports Act led to formation of the first Federal safety office at the

Interstate Commerce Commission. Over the next several decades the Congress legislated

specific safety measures for railroad workers, but it wasn't until 1970 that a comprehensive

safety law was written that gave the government jurisdiction over all areas of railroad safety.

Since that time Federal regulations have been promulgated covering areas such as track,

equipment, and operating rules and practices.

In the intervening years we have learned many lessons. But, as is alwavs the case with

Government, regulation took on a life of its own. After the Senate confirmed my nomination

by the President, I decided to take a look at what measures were really necessary to cut down
on accidents and casualties and to determine where to draw the line between legitimate safety

concerns and disguised economic regulation of private business operations.

The agency has now achieved a more sophisticated approach to legitimate safety concerns

and the recent steady downward spiral in accident figures shows that progress is being made.
The most significant achievement has been the dramatic drop in accidents involving hazardous

materials due primarily to modifications in some types of tank cars to decrease the chance of

punctures.

Our Office of Safety is also readying a program to have our safety inspectors call on

'Administrator. Kcdcrai Railroad Adniinislration. 1_!.S. Dcpanmciu of Transportation
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shippers to discuss the regulations, clear up any problem areas and point out unsafe conditions

and practices.

Further, the office has been working with management at the individual carriers and
analyzing accident reports to determine where the problems are. We have found that a joint

venture approach on safety is much more productive than the conventional prosecutor-

defendant relationship. Results obtained with the first carrier we worked with showed such a

marked improvement that the program has been expanded to cover four railroads.

Again, cooperation is the key. We have not forgotten how to cite safety violations when
necessary. Rather, operating on the premise that the industry shares the same interest in salelv

as we do, we have added consent to coercion in our arsenal of weapons.

Perhaps the best example of our new approach can be found in our labor-management

safety agreement. I noted earlier that at the beginning of my stewardship, I was anxious to

demarcate safety and economic regulation. My own experience told me that there was a need
for change, but the question was how to proceed with reasoned expedition.

There was a conventional path. Its milestones were elaborate cost-benefit analyses,

lengthy hearings adorned with all the trappings of the adversary process, contested litigation

and contested legislation. The cause of safety would be held hostage to the delights of the

lawyers and the lobbyists. The milestones along the path threatened to become hurdles across

it.

Separate conversations with labor and management convinced me that I could easily have

a fight on my hands. This is normally a thrilling prospect for me. but not when safetv is

involved. These talks also revealed, however, that while both sides were braced for a fight,

neither looked forward to it.

Why not, then, see if the parties could agree? I got a lot of advice that I was wasting my
time. I even was offered some interesting side bets, which I now wish I had taken up. But I

was convinced that the two elements of a consensus were present. First, despite the rhetoric,

there was a strong undercurrent of good will on both sides. Second, everyone recognized that

FRA would move off the status quo, come hell or high water. Either the parties agreed or the

Government would force a change. The antagonists concluded they would either deal with

each other or deal with FRA. It is a tribute to their wisdom that they chose each other

In September, I asked labor and management to seek agreement on regulations that could

be kept, changed or discarded. In the meantime, I agreed to maintain the status quo for a

limited period.

To their considerable credit, labor—acting through the Railway Labor Executives'

Association—and management—represented by the Association of American Railroads

—

hammered out a consensus in less than 60 days. The agreement cuts across three areas; the

power brake rule, track standards, and the car interchange rule. Hearings were held last week

on the new proposals for power brake and track regulatiiins. Labor and management will

support the Administration in seeking legislative change in the car interchange rule this year.

These proposed changes could result in hundreds of millions of dollars in savings to the

railroad industry. The only trade-off is less red tape and a thinner code of Federal

regulations—a bargain in anyone's book.

Parenthetically, just to show that I won! walk away from a good fight. FRA will single-

handedly ask the Congress to repeal the Ash Pan Act of 1980, regulating steam locomotives.

In candor, I would have settled that controversy by consensus as well, but we couldn't find

anybody that cared.



654 Bulletin 688—American Railway Engineering Association

The new FRA approach is also exemplified in our research and development effort. For

years. Federal R&D operated on the "Government-knows-best" theory. Prompted in equal

parts by a distrust of that theory as well as the constraints of the budgets, I commissioned a

thorough assessment of our programs. I discovered—to the surprise of no one in this

audience—that we were doing most things wrong. For example, between 1966 and 1981, the

taxpayers of this nation parted with $57 million to discover the mysteries of linear induction

motors, tracked air cushion vehicles and magnetically levitated cars. I couldn't trade in the

results of that research for five shares of Amtrak stock.

The examples abound, as you know. In consequence, we have re-oriented our direction

to be in the only arena where Government belongs: safety. For fiscal 1983, our R&D budget

is proposed at a $20 million level. Coupled with a $29 million proposal for our Office of Safety,

we should be able to mount an adequate and cohesive offensive.

Many of our safety research projects are undertaken in cooperation with the AAR,
AREA, and individual railroads. This assures not only that the best talents of the country are

involved in the design and conduct of experiments, but also that the results are implemented

as quickly as possible. We would like to see more of these projects taken over by the industry

and we invite your suggestions on where your tax dollars can be best spent.

In furthering our goals, we are contemplating the transfer of the Pueblo Test Center to

a private operator. This would permit the industry to utilize this multi-million dollar facility

without direct involvement of the Government. The FRA, however, would continue to sup-

port those research tasks which need to be done in a carefully controlled environment without

interrupting revenue operations.

We also want to lessen FRA's involvement in private industry in other areas, including

loan programs for railroad rehabilitation and divesting the Government of ownership of

railroads. This Administration is making some drastic changes in these types of involvements.

For example, we are proposing to eliminate the redeemable preference share and guaranteed

loan programs in Fiscal Year 1983 because we feel this type of assistance is no longer neces-

sary. The conditions and requirements of the rail industry today differ from those of the

mid-197()s when the Northeast rail system was in bankruptcy and segments of the Midwest rail

system were heading in the same direction. The industry is showing new trends of vitality that

attenuate the need for a standby program of Federal financial assistance.

A parallel argument can be made for Government ownership of railroads. In the case of

the Alaska Railroad, it goes without saying that there is a vast difference in circumstances. In

the early 1900s, Alaska was a huge territory, its potential untapped, in need of some form of

transportation that only the Federal Government could afford to build. Today the State of

Alaska prospers and wishes to handle its own transportation network. Therefore, we have

proposed legislation that would transfer the railroad from Federal to State ownership. We
expect the legislation to pass in this session and elimination of Federal responsibility and

funding for the carrier will cease in the next Fiscal Year.

On the subject of Conrail—the Governments other railroad—we also have plans for

transferring ownership and I will give you further details in a few minutes.

Right now. I want to discuss the Government's pull-back in another area—economic

regulation.

Important changes have taken place in the regulatory climate during the past three or four

years since the whole concept of economic regulation of business came under attack. The
result has been deregulation of several industries and implementation of the Staggers Rail Act

of 1980.

The Staggers Act has offered a degree of business flexibility hitherto unknown to rail-
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roading and today railroads are taking advantage of the new environment: they are becoming
more business and marketing oriented.

These changes spell opportunity lor shippers and railroads alike. Railroads will want

more business now that they have the freedom and incentives to compete for it. And the

Federal Government will continue to foster that environment.

The contract provisions of the Act allow railroads to negotiate with shippers for long or

short-term deals—any kind that can be mutually agreed upon. Railroads can offer a guaran-

teed rate and a service standard. Shippers can guarantee a fixed level of business. Parties can

plan and make reasonable capital commitments.

Under the exemption provisions of the law. the ICC was given the ability to completely

exempt from regulation certain railroad services. This was recently achieved with piggvback

freight. Railroads have almost complete freedom now to deal in spot market pricing on this

traffic. Along with coal, trailer-on-flat-car is the fastest growing segment of the industry and

railroads are focusing their attention on further development.

An important part of this business is filling empty back hauls of freight cars and trailers.

In some instances, railroads and shippers have worked together to find wavs to exploit empty
capacity at attractive, highly competitive rates. Empty car mileage is expensive and railroads

are eager to make deals to fully use this resource. The Burlington Northern Railroad, for

instance, had as many trailer-on-flat-car shipments in the first six months of last year as it had

during all of 1980. This increase principally was shipping perishable food from the Pacific

Northwest to Eastern and Southeastern markets. As a consequence, BN is now lookmg for

traffic out of the Sunbelt areas to increase their backhaul loads.

The Act also allows railroads to take other business measures. Railroads can raise rates

where revenues do not pay the costs of providing a particular service. It also simplified

abandonment of branch lines that don't pay their way. In the long run, this will make the

industry more efficient by helping it slough off its burdensome lines of business.

This new flexibility is the most visible of the many changes going on in the railroad

industry. But it is indicative of only the beginning of sweeping changes that will occur over the

next several years. Institutions that we have traditionally regarded as sacred, such as rate

bureaus, are either reorienting their functions or simply disappearing. The changes that many

feared simply because they feared change are taking place.

Many have wondered what will become of Conrail, whether il will remain a ward of the

Government, whether it will be placed on the auction block or whether it will in fact become

a privately owned railroad operating as it should in the private sector. We were delighted to

see that Conrail has now had two back-to-back quarters in the black. And. under the able

management of Stanley Crane, Conrail for the first time has shown an ability to trim costs

ahead of traffic losses caused by the present recession and particularly the slump in the U.S.

automotive industry. If Conrail continues to show an ability to manage its costs and at the same

time is able to recoup some of the lost traffic, there is little douhi that the carrier will indeed

be sold and returned to the private sector. How that sale will take place and who the buyer

will be is still impossible to determine. Secretary Lewis and I are actively seeking the services

of an investment banker to assist in the sale and within the next few months we should begin

to understand better what market there is for the railroad and the procedure we will use to

transfer it. One thing is clear: the Government is getting out of the business of owning

railroads.

The outlook for the next few years is promising. As the economy recovers, rail freight

movements will also grow and demand for service will increase. PRA will do everything it can

to help this effort. Everything short of running your railroad.

Thank you.



The Story of a Cooperative Effort Between a State

Government and a Common Carrier

Wm. Glavin*

I have two examples that involve the State of Michigan working with the Grand Trunk

Western Railroad on two different types of projects. One, the rehabilitation of a branch line;

the other a facility for a new automobile plant.

This presentation reminds me of when I was in high school. Our football team had lost

25 straight football games—never by very many points— 14-13; 20-18; 17-14. As we were on

our way to losing the 16th game—it was in the final three minutes, we had the ball and were

moving down the field when someone in the stands threw a firecracker out onto the sidelines.

The opposing team thought it was the gun ending the game. They trotted off the field—three

plays later we scored—by a field goal that was partially blocked. We won the game. We had

been a loser for so long it was hard to become a winner. After that game we found that winning

was much more fun no matter how it was done—wasn't easy but from then on we became a

winner. Nothing worthwhile is easy.

Over the years many of us had good projects that were mutually beneficial but we could

never sell them, but along came the catalyst—the firecracker to start us on the road. The 3R
Act followed by the 4R Act. In July. 1975. the Michigan State Transportation Act was enacted.

The Act, in effect, provided authorization for financial assistance for capital improvement,

maintenance, and operation of rail, intercity bus, and ferry service throughout the state. After

being on the losing side for so long we began to know what it was to win.

The individuals who were responsible for the initial monitoring of state and federal rail

activity being carried out under 3R and 4R Acts were assigned to organize the railroad and

port facilities division.

The major objectives of this new division were:

To retain ail needed rail service; monitor and conduct a relative assessment as to the

overall viability of subsidized rail lines; and to encourage private enterprise in the rail industry.

Hence, the overall relationship between state government and the railroad industry

shifted from a regulatory and sometimes an adversary role to a posture geared toward devel-

oping and implementing a long-range program capable of supporting and indeed rejuvenating

the rail industry of Michigan.

Grand Trunk Cass City sub., between Imlay City and Caseville. was a marginal line.

Because of deteriorating traffic conditions, it was maintained in light of the service.

With General Motors" needs for a fuel efficient automobile, and to remain competitive,

it became apparent they needed to build a new plant to replace the 55-year old facility in

Pontiac. A site was selected. Grand Trunk was asked to assemble the land.

In addition. Grand Trunk worked with the state, federal government and local com-
munities in a rail consolidation in Bay City, Michigan, with Conrail: another in Battle Creek,

Michigan, also with Conrail. that was implemented in November 1981 at the cost of $11

million; a third rail consolidation in Kalamazoo, also involving Conrail. which is costed at $25

million, will get under way this Spring. Grand Trunk received a grant from the state toward
building a lead track into G.M.'s new automobile diesel engine plant in Lansing, a grant of

a half million to rebuild two switching engines on a subsidiarv line, as well as the rebuilding

"Vice Prcsidenl-Administration. GramI Trunk Western Railroad
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of roadway surface, installing of automatic warning devices, predictors, roadway changes to

permit elimination of grade crossings to improve the overall safety at well over MMI road

crossings.

Yes, cooperation has given us a winning way.



Welded Railway Bridges

H. D. Reilly*

Welded Railway Bridges

As you are aware, the topic of this presentation is welded steel railway bridges.

At CP Rail, we are in the midst of a rather intensive bridge reconstruction program which

began in the late sixties and appears likely to continue until the end of this century. Welded

steel spans, being light and easy to transport and erect with minimum track downtime, are

being used extensively. Today, I hope to share with you some of the thinking behind the design

of our welded bridges. To get an appreciation of the problems facing our engineers in the

design of welded railway bridge spans, it was necessary to take a look into the past and review

the progress of railway bridge design and construction in North America, and particularly on

our own Railway, Canadian Pacific, which incidentally, celebrated its centennial last year.

Just about all railways in North America were born in the latter half of the nineteenth

century. In those pioneer days there was, of course, an abundance of timber and the man-

power with the necessary know-how in timber construction. Naturally enough, the great

majority of bridges built then were timber, although occasionally wrought iron spans were

used when timber was not practical. The natural resilience of timber proved extremely suitable

for the highly dynamic nature of railway loading.

A variety of design loads were used in those early days, and, by today's standards, the

equivalent Cooper E-loadings were very light, being in the E25 to E40 range. In addition to

the abundance of timber which was available and its suitability to carry railway loading, timber

bridges could be constructed quickly and with no heavy erection equipment. The politics of

the day, such as they were, made an army of cheap imported labourers available to build the

Railway. This work force accomplished the impossible; it constructed a 3.000 mile railway

having approximately one thousand bridges, the majority being timber, in under four years,

culminating in the opening of Canada's first transcontinental railway line.

Before the turn of the century, the technology to produce steel had been developed and

steel mills were springing up across the continent. With the industrial revolution, the nation's

appetite for raw materials was rapidly increasing and tonnages being hauled had risen accord-

ingly. It was obvious that the railways were here to stay and that construction for heavier trains

was the order of the day. As a result, in the period from about 1900 to 1930, nearly all CPR
main lines were upgraded for heavier loading, equivalent to Cooper E50 or greater, and

riveted steel spans were used to replace the old timber and wrought iron structures.

Allowable stress levels used to design these spans were, by today's standards, low, and in

retrospect, this was most fortunate. The reserve capacity of these spans has permitted us to

cope with increasing axle loads for many years.

With the second great war came a rash of technological advances and in the following 10

or 15 years, these had their impact on industry. Increased automation and mass production

created heavier demands for raw materials. Not only was the railway confronted with moving

ever-increasing tonnages of raw materials, manufactured goods were now being produced for

export and it was the railways who would transport these goods to the nations' ports. Com-
petition and pressure from industry prompted the railways to accommodate heavier and

heavier shipments. As a result, axle loads in excess of 65.000 lbs. are common in today's trains,

and, according to industry predictions, we engineers can look forward to even heavier loads

in the future.

*Man;igcr. Design Section, Canadian Pacific Ltd.

658



Address by H. D. Reilly 659

By the early 195()s, many of our lines were carrying in excess of 20 mgt per year and unit

trains became a common sight during the sixties.

In addition to the rather extensive program to maintain and upgrade existing facilities.

North American roads, and. I think, particularly Canadian roads, have found that, to meet

the demand for export of massive quantities of raw materials, a rather ambitious program of

new construction has become necessary.

On Canadian Pacific, the bulk of this new construction is taking place in Western Canada.

Naturally, a considerable number of new bridges are involved in the construction of new lines

in this mountainous country.

It was on the heavy tonnage lines that signs of fatigue failure were first discovered in steel

bridge spans. That was in the late sixties. Small cracks were found usually in short members,

but also in long members at locations where the passage of each car in a train created severe

fluctuation of stress.

Ironically, cracks rarely occured at, or even near, locations of maximum primary tensile

stress. Nearly all cracks were found at locations where there was an obvious fluctuation of

secondary stress. It was apparent that the magnitude and nature of secondary stresses were

dictating the fatigue life of the spans, and that we should look for cracks at locations with

severe secondary stress fluctuation, even in zones of primary compressive stress. Often,

fatigue cracks have been found in corroded areas and nearly always, fatigue cracks originated

at a point where some irregularity in the grain structure of the steel existed, or where there

was an abrupt change of cross section.

Since nearly all steel members were of riveted construction with several components, a

crack could not propagate from one component to another. Consequently, catastrophic failure

in riveted construction fortunately has not occurred on CP Rail, nor am I aware of such failure

on any railway bridge on this continent.

One type of span, which I believe is peculiar to our railway, and which we call a half deck

plate girder span, has, however, given us cause for serious concern. This type of construction

was suitable for spans up to 55 feet long. The design was conceived to have a steel span with

the same shallow construction depth as the timber trestle it would replace, and it was only used

at locations where neither lifting the track nor reducing the underclearance was deemed

advisable. With each passing truck, the bottom flanges of the girders rotate. This rotation

causes deformation and high fluctuating secondary stresses in the girder web just above the

bottom flange angles. In the late sixties we found fatigue cracks in the webs of a good number

of these spans, all of them on busy lines. After a few futile and expensive attempts to reinforce

the web, it was concluded that these spans had reached the end of their fatigue life and should

be replaced. The programed replacement of more than 200 of these spans on our busy lines

has just recently been completed.

There is another bridge with the same type of span, except that the timber deck, instead

of resting on the girder bottom llange, is supported on shelf angles riveted to the girder webs.

Because of limitations in the size of deck timbers, girders could not be more than 13 feet apart.

With the girders being so close to the track, it was essential that they protrude no more than

three feet above the top of rail to provide adequate railway clearance. Therefore, support for

the deck had to be no more than 4'/: feet below the top flanges, and shelf angles were

introduced on spans over 55 feet, because the girders were deeper than 4'/: feet.

As you might expect, we have found fatigue cracks in the webs of many of these longer

girders, just above the shelf angles. An additional problem with these longer spans manifests

itself in the form of broken shelf angles.
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It is worth mentioning two factors which exacerbate the above condition and accelerate

crack development. With the collection of debris at the ends of the bridge ties, severe corro-

sion of steelwork often occurs and the levels of fluctuating stresses are higher. Secondly, if

bridge ties are short, and they frequently are. there will be greater rotation and higher

fluctuating stresses.

We are currently well into a program to replace about 300 of these longer half deck plate

girder spans on our high density lines, with 40 to 50 spans being replaced with new welded

spans every year.

Based on our experience thus far. we see only limited value in undertaking extensive

studies to analytically predict the fatigue life of our bridges. Instead, we are concentrating

more on close inspection of suspect structures and programed replacement of span types which

have been found to be susceptible to fatigue cracking.

Corrosion has become a problem of increasing severity over the past 25 years or so. as I

am sure you are all aware. Steelwork, particularly that on open deck bridges which is located

directly under the track, is especially vulnerable. Various measures are being taken to protect

this steelwork, notably the application of sophisticated protective coating systems. To protect

the top flanges of stringers, floor beams and undertrack girders, we often apply a sprayed zinc

coating followed by a vinyl paint top coat for abrasion resistance. On busier mainline bridges,

where ballasted construction is desirable, a composite ballasted concrete deck is sometimes

constructed.

Before a decision is made to undertake any expensive work to protect steelwork from

corrosion, it is advisable to consider the fatigue life expectancy of the steelwork being

protected.

On a typical through plate girder span, rotation of steelwork at the ends of the deck ties

will create fluctuating stresses near the top of the stringer web. The level of stress will normally

be low enough so that fatigue cracks won't develop for many years—except at each end of the

stringer if the connection is not well designed and detailed.

Cracks in the stringer web just above the top of the connection angles have been found

on a few of our spans which were not even ten years old. Metallurgical tests of samples from

the failed stringers revealed steel to be as specified and without flaws. The fixity provided by

the connection angles served to drastically increase the level of secondary fluctuating stress in

the stringer web, resulting in a very short fatigue life.

Fatigue is only one cause of cracking. A crack can also form if conditions which create

sufficiently high stresses exist. The crack at the bottom of the stringer is a case in point. High

localized stresses created by coping the bottom flange is the cause of the crack.

In this case, the presence of high localized stress may be attributed to reduced section,

locked in thermal stresses from torch cutting, and abrupt disruptions of the grain structure

from an improperly radiused or poorly finished cut. There are many other ways that stress

raisers are created, such as by inclusions, surface imperfections, corrosion, and change in

granular structure, to mention only a few.

I mentioned earlier that with the second war came technological advances and welding

was one of these. Development of the art and science of structural welding was greatly

accelerated by a need for quick production of the hulls of warships. The famous Liberty ships

with their welded hulls immediately come to mind. Of the 5.000 odd such ships which were

built, cracks were discovered in the hulls of over 1,000, and about twenty ships sank as a result

of sudden and catastrophic brittle fracture failures at or near welds in the hull plates. The

importance of maintaining good ductility, or high notch toughness, especially in the heated
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affected zones (HAZ) adjacent to welds, was driven soberly home as a result of these failures.

In any event, structural steel fabricators saw great possibilities with welding and no time

was lost in tooling up for it.

Engineers were quick to adapt welded design for buildings and other non-dynamically

loaded structures and highway officials soon followed cautiously, but most railways continued

utilizing all riveted or bolted construction for new bridge spans.

Needless to say, welded construction quickly became cheaper than riveted or bolted

construction, but railway bridge engineers needed more time to consider the ramifications of

welded construction for railway bridges. By the early sixties. CP Rail started using welded

construction for new steel bridge spans.

On reviewing the problems of the past, it was apparent that much more care would be

required in the design and fabrication of welded bridge spans. Two major considerations

would have to be borne in mind throughout the design process and the fabrication period:

namely, fatigue and brittle fracture.

Although a great deal of research on both of these subjects has been carried out in the

past 25 years or so, the failure mechanisms are still not fully understood and much work

remains to be done.

As a result of this ongoing research and more importantly, the experiences of railway

bridge engineers. Chapter 15 of the AREA Manual has been under almost continuous

revision.

Naturally, those clauses related to welded construction, and more particularly, fatigue,

have been receiving special attention.

To achieve a good welded bridge design, it was apparent that a few simple and basic facts

had to be borne in mind: namely,

1) In an all-welded member, a crack represents a potential total, and possibly

catastrophic failure of the member.

2) The heating and cooling necessary for welding will alter the grain structure of the

parent metal in the heat affected zone near the weld.

3) Shrinkage during cooling produces locked-in or residual stresses in the vicinity of a

weld.

4) Imperfections and defects exist in any weld and further increase the chance of crack

formation.

The irregular grain structure, residual stress, and imperfections present at all welds are

stress raisers—or potential places for cracks to develop. The chances of crack development are

dependent primarily on two features:

1) The location and orientation of a weld.

2) The quality of the work.

With these facts in mind and remembering the problems associated with railway loading,

I would like now to highhghl points which we feel merit special attention for good design of

welded railway bridges.

Once the necessity for a new bridge or reconstruction of an old one has been established,

preliminary designs and estimates are prepared before a final design is chosen.
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Becauseof their light weight and ease of installation, welded steel spans are almost always

included in such preliminary designs. Whatever the type of welded steel span, solid deck

construction is strongly recommended. It is common knowledge that the most severe corrosion

in any open deck railway bridge takes place on the steelwork located under the track. Remem-
bering that the formation of cracks can be expected earlier in corroded steelwork, one of the

best things a designer can do to reduce the structure's susceptibility to fatigue or brittle

fracture is to protect that steelwork from the corrosive elements by means of a solid ballasted

deck. Although the small additional cost is justified by this alone, other advantages, such as

reduced structure maintenance, reduced fire hazard, reduced structural impact and improved

track, to mention a few, are realized. Since the early seventies, it has been CP RaiPs policy

to utilize ballasted construction for all new and reconstructed bridges on main line trackage.

Having chosen a design which incorporates welded steel spans with solid ballasted decks,

the design engineer must evolve his final design, giving careful consideration to potential

weld-related problems every step of the way.

Of course, the design loading should be sufficient to accommodate all loads anticipated

for the 50 to 100 year life of the new span. Currently, Cooper E80 loading is considered

appropriate.

To guard against the possibility of brittle fracture, it is important to specify a steel with

high notch toughness, even at low service temperatures. On CP Rail. CSA Standard

G40.21-350A steel, a weldable. fully-killed fine grain steel is specified. The American equiv-

alent to this grade of steel, incidentally, is ASTM-A588. This material normally will have high

notch toughness for thicknesses up to 1'/: inches, but additional assurance, by requiring

Charpy V-notch tests with minimum results of 20 ft. lbs. at -20°F, is also specified for all web

and flange plates of main or primary welded members. Normalizing, or heating to produce a

fine grain structure, is specified for all flange plates over 1'/: inches thick.

CSA G40.21-350A steel only differs from the type T steel in that it possesses improved

atmospheric corrosion resisting properties.

It was chosen over the type T steels in the hope of eliminating bridge painting, which

should result in drastically reduced maintenance costs.

Corrosion protection is provided only for those surfaces where severe corrosion could

occur. For example, on steel deck plates, we provide many drains and a butyl waterproofing

membrane with a protective cover of asphalt boards. Ballast on bridges must consist of clean,

free-draining crushed rock. Girder surfaces at bearings, where debris will collect, are pro-

tected by zinc metallizing; this is the same system used to protect undertrack steelwork on old

open deck bridges, which I mentioned earlier.

The choice of weld procedures to be used by the fabricator is very important. Welds

produced by manual and even semi-automatic processes tend to contain a greater number of

defects than welds made by an automatic process. Therefore, it is wise to utilize fully auto-

matic welding wherever possible for welding all components of any primary member. The

superior quality, uniformity and continuity which can be achieved with automatic welding will

minimize the number and size of stress raisers created by welding. Because of the deeper

penetration provided by submerged arc welding, we specify this type of welding not only for

the flange to web connection of our welded girders, but also for welds connecting horizontal

stiffener(s) to the girder web.

Welded splices in primary member components, including horizontal stiffeners in girders,

should be used only when absolutely necessary. We require such welds to be prequalified full

penetration welds, and their location and detail is shown on our design drawings. Splices in
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material over 1'/: inches thick, particularly in tension components, are stress-relieved. Further-

more, all splices must be radiographed and accepted prior to welding components together.

It is not difficult to imagine what would happen if tlange material was spliced by welding after

the flange material had been welded to the web: shrinkage during cooling of the transverse

weld would cause distortion and k)cked-in or residual tensile stress of unknown magnitude,

and quite possibly a crack would form.

The importance of ensuring that welding is carried out in a manner and sequence which

minimizes distortion and residual stress cannot be overemphasized. We have found it worth-

while to review the weld procedures and welding sequences proposed by the fabricator prior

to fabrication.

A great deal of care in the preparation of design drawings is time well spent. Many types

of welds or weld details should be avoided whenever possible, especially in primary members,

where crack propagation could cause catastrophic failure.

We do not permit plug welds, spot welds or intermittent welds for our bridges and we take

great pains to avoid such things as short welds, angular change of direction in the length of a

weld, welds transverse to the direction of stress, and intersection welds, to mention only a few.

A greater appreciation of the importance of good detailing is in evidence in new clauses of

Chapter 15 of the AREA Manual. Stringent stress limitations are imposed where undesirable

detail cannot be avoided.

We think it is unfortunate that these new stress limitations only apply where there is

tension or stress reversal and that no limitations have been applied in zones where there is

fluctuating compressive stress. Earlier I mentioned that cracks in compression zones were not

uncommon, and that their presence could usually be attributed to the existence of secondary

tensile stress. Often, it is impossible to calculate reliably the magnitude of such stresses. In

fact, experience reveals that we obviously are getting tensile stress during the passage of live

load where we thought there was none.

It is generally accepted that the rate of propagation of a crack, even when the tensile stress

is low, is a function of the range of stress fluctuation.

Of course, any designer should attempt to minimize on details producing secondary

stresses and to estimate the magnitude of secondary stresses, but an additional precaution to

lessen the possibility of cracking in compression zones seems to be in order. It was decided to

limit compressive stresses to 1.15 times those allowed in tension by Chapter 15 of the AREA
Manual for all new bridges for CP Rail.

For practical reasons, it is often preferable to use bolts rather than welding for certain

connections. Wc use bolts for the connection of floor beams and all secondary members, such

as bracing, brackets, knees, etc. , to girders, trusses, tower legs or any other primary member,
be it welded or not. There are two good reasons for this:

1) short welds on primary members are avoided and.

2) cracks originating in secondary members cannot propagate to the primary members.

We also use bolts for all field connections. A high quality weld is difficult and expensive

to achieve in the field. Bolted field connections are cheaper and more reliable.

Also, members likely to require removal or replacement during the life of the bridge, such

as bracing members which are exposed to the elements, should have bolted connections.

The designer's job does not cease once the design drawings have been issued. It is his

responsibility to ensure that fabrication will be carried out by a competent firm. In Canada.
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the Canadian Welding Bureau publishes a list of companies certified to C.S.A. Standard

W47.1. The purpose of certification is to ensure conformance to minimum standards, and the

Bureau carries out periodic inspections to ensure continued compliance. A company may be

certified in one of three Divisions. Division One Certification requires that a company employ

full time one or more professional engineers responsible to the company for welding design

and for welding procedures and practice. It also requires that a company employ full time one

or more welding supervisors each with seven years of fabricating experience , responsible to the

company for the supervision of welding. Division One Certification is required of any firm

wishing to fabricate welded bridge spans for Canadian Pacific.

However, since only a small part of the work in most fabricating shops will be railway

bridges, it is unreasonable to expect that fabricators will be conversant with all the require-

ments which go together to produce a high quality welded railway bridge. It is imperative

therefore that the railway's inspector at the fabricating shops not only be thoroughly familiar

with code requirements, design drawings, and shop drawings, he should also have an appre-

ciation of the thinking behind the design of welded railway bridge spans. Additionally, experi-

ence in the inspection of welded fabrication is a must, and previous inspection work in the

same shops is desirable, since the inspector will be familiar with shop personnel and pro-

cedures. The inspector has a vital role: he is the link between the design office and the

fabricating shop.

Many things take place from the time a span is fabricated until it is put into service.

All the care in the world to design and fabricate a top quality welded span would be for

naught if something undue should happen during loading, shipping, or erection that would

cause a crack. Ideally, to avoid this, the method of lifting, shipping and erection, with all

necessary details, is shown on our design drawings.

Occasionally, the contractor is required to submit drawings showing this information for

review by the Railway. Special attention is required to ensure that the welded units are not

subjected to impact or undue distortion during shipment and handling. CP has designed

Standard Bridge Lifting Assemblies which will be suitable for lifting all spans of any type up

to about 100 feet long. These assemblies, which have just been fabricated, will be used by our

B&B gangs this Spring.

Before placing any new span on its supporting substructures, measures should always be

taken to ensure that permanent, solid, level bearing areas, at the correct elevations, are

provided. On old substructures this is often done using epoxy grout. If proper support is not

provided as intended in the design, the resulting distortion and secondary stress may cause

cracks to develop. Also, welded girders which are beside the track, rather than below it.

should be protected against impact from railway equipment. When such protection is called

for, Canadian Pacific builds concrete dellectors on the abutments at each end o( the bridge.

By now, it will be appreciated that a welded span is far more sensitive to the way it is

treated than was its riveted forefather. In this respect, it is wise to take steps to ensure that

nothing is done to the span once it is in service that will affect its performance.

The old riveted span can take a lot of abuse, yet something as insignificant as a small weld

to attach a clearance sign to a welded span could conceivably cause a disaster.

In conclusion, it is obvious that fixe ingredients are necessary to produce a satisfactory

welded railway bridge:

1) Sensible design by experienced engineers

2) Fabrication by a firm experienced in welded construction
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3) Thorough inspection in the shop to ensure that the fabricator produces what is re-

quired satisfactorily

4) Care in the handling, shipment and erection of welded units

5) Tender love and care.

With all five ingredients, an attractive and economical structure, which can be expected

to perform for many years to come, is virtually guaranteed.



Double Tracking Duff Mountain on Fannily Lines

R. E. Frame*

Good afternoon, I am pleased to have this opportunity to be with you today and tell about

some of the things we are doing on the L&N.

You may have noted from the program that I am with the Family Lines Rail System. The

Family Lines is a unit of CSX Corporation. The Family Lines Rail System consists of the

Louisville and Nashville, Seaboard Coast Line, Atlanta & West Point, Western of Alabama.

Georgia and Clinchfield Railroads. It includes 16,637 miles of running track and 8.742 miles

of other track.

I have been asked to speak about the "double tracking on Duff Mountain." Duff Moun-

tain is located on the L&N Railroad between Corbin, Kentucky and Knoxville. Tennessee.

This line segment shown is 101 miles long traversing Pine Mountain and Cumberland Moun-

tain with difficult grades and curvature. These mountains are part of the Appalachian range.

Coal traffic is fundamental to the requirement to upgrade the capacity of the Corbin-

Knoxville line segment.

In recent years several significant changes have taken place concerning coal traffic.

Coal tonnage originated on the L&N has greatly increased from a 1972 level of 47.5

million tons to 66.6 million tons in 1981 and continued growth is anticipated.

A continually higher percentage of the total tonnage is handled in 100 ton cars and in unit

trains. Over 80"^^ of our coal tonnage moves in unit trains.

Perhaps the most significant change has been in market destination. Formerly the prepon-

derance of the coal moved from the coal fields northward to northeast markets. In recent years

this pattern has shifted and over 70% moves southward to southeastern and Gulf Coast

markets.

L&N"s physical plant had been tailored over the years to handle the northward move-

ment, but now the increase in tonnage and the change in routes developed a serious inade-

quacy in the physical plant.

The Corbin-Knoxville segment is the line most sensitive to the changes. It is basically a

traffic controlled single track line carrying 48 million gross tons annually. The operating

characteristics are further impaired by the circuitous path through the mountains. The grades

are generally 1% with one curve after another, including many 8 and 10 degree reversing

curves separated by short tangents.

During 1978 and before, derailments were a problem and in addition or perhaps because

of the derailments, F.R.A. activity was intense. This resulted in many citations and slow

orders further aggravating the congestion. During the period 1977 to 1980 the line segment was

completely rehabilitated. Twenty-seven miles of 132 lb. CWR was laid and 111,000 crossties

were installed. Heat-treated or alloy rails were used on curves. The tracks were lined and

surfaced on granite ballast brought in from Georgia. The entire line now has 132 lb. CWR and

is in excellent condition. Track-caused derailments have stopped and this coupled with the

removal of slow orders was big step number one toward adequately handling the available

traffic.

Not all of the slow orders were because of track conditions. We had a very restrictive slow

order on the Clinch River Bridge located just north of Knoxville.

'Chief Engineering Officer, Famii\ Lines Rail S\>tem

666
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Bridge 86 spans the Clineh River near Oak Ridge. Tennessee, i'he bridge eonsisted of two

SO-foot deck girder spans and two 200 toot pin connected Parker type through trusses founded

on stone masonry piers and abutments. The two truss spans were designed for about an E-40

live load and erected in 1904. They have a history of maintenance problems including pin wear,

broken and loose rivets, broken secondary members and hanger failures. In recent years these

problems were aggravated by increased coal movements in unit trains so that a permanent

speed restriction of 25 mph was placed over the bridge in 1978.

In 1979, L&N obtained ICC approval to abandon a segment of its track between Bowling

Green, Kentucky, and Memphis, Tennessee. Included in this segment was a bridge over the

Tennessee River at Danville Landing, Tennessee. The bridge was designed for about a Cooper

E-65 live load and steam impact and erected in 1932. The design of the bridge is close to

present day practice when you consider the use of diesel impact. The Danville Bridge consisted

of a 298 foot lift span, 175 foot tower span, 200 foot tower span and four 200 foot fixed riveted

truss spans.

The lift span and two tower spans were removed and transported by barge approximately

335 miles upstream to Bridgeport, Alabama, where they were used to replace an old swing

bridge over the Tennessee River.

Two of the 200 foot fixed spans were removed from the bridge at Danville, tloated

approximately 450 miles upstream to L&N's Clinch River Bridge and reused at that location

as replacements for the old pin connected trusses. Contract for the removal and new installa-

tion of the Danville trusses was awarded in October, 1980, in the amount of $985,000. Total

estimated project cost is $ 1 ,300,000 which includes raising the bridge two feet to improve track

profile and maintain navigation clearance beneath the new spans.

The two truss spans were removed and loaded on barges at Danville by use of a 480 ton

floating derrick to lift and lower the spans onto barges.

After arrival at the Clinch River site the Danville spans were raised one at a time by means

of hydraulic jacks onto falsework erected opposite the north truss.

To remove and replace the north span the contractor mounted falsework onto a set of two

barges, positioned the barges under the spans, pumped water out of the barges to raise the

spans off their bearings, then floated the old span out and the new span in. After the new span

was in alignment, it was lowered onto its bearings by pumping water into the barges. The old

span was then floated out and later was cut up and scrapped by the contractor.

The south span was replaced using procedures similar to those used for replacing the

north span.

The north span was replaced July 27. 1981, and the south span September 14. 1981. The

longest period the track was out of service at any one time was 12 hours.

Departing from the Duff Mountain project for a few minutes and going back to Danville,

Tennessee, the lift span and two lower spans there were used, as mentioned previously, to

replace an old rim bearing swing span erected in 1890 and its truss span approaches over the

Tennessee River at Bridgeport. Alabama. The replacement bridge was constructed on a new

alignment approximately 100 feet downstream from the old bridge.

Two separate contracts were let for the project, one for the substructure and grading work

and the other for moving spans from Danville and erecting in operable condition at Bridge-

port. At Danville the first order of work for removing the spans was to block the counter-

weights in their up position, remove the counterweight cables from the lift span and tloat it

out on barges. The towers were removed from the tower spans followed by the remo\al of the

counterweights. The same floating derrick which removed the towers and counterweights was
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used to remove the tower spans and mount them on barges for shipment upstream to

Bridgeport.

The order of work for erecting the spans on new piers and abutments at Bridgeport was

reverse from that used for dismanthng at Danville. The tower spans were set in place first using

the same floating derrick. Next the counterweights and then the towers. After the counter-

weights were blocked in their up position, sheaves were set in place, lifting cables were

attached to counterweights and the lift span was floated in and set in place and counterweight

cables attached to it. Installation of operating cables, signal mechanisms and bridge locks was

completed and ties and rail installed.

On October 26. 1981. the track was shifted from the old to the new alignment and at

appro.ximately 4:00 p.m. the first revenue train passed over the replacement bridge.

Cost of the project was about $7,000,000 as compared to an estimated cost of $12,000,000

if new spans had been used.

Returning to Duff Mountain projects and track oriented improvements, the second step

to increase the line capacity to handle increasing traffic includes progressive double tracking,

changing turnouts and signaling to permit faster operation in and out of sidings.

The overall project includes separate projects and consists of double tracking and exten-

sion of sidings at the locations which have recently been completed. Future projects are

planned at Duff and Saxton as the projected traffic develops. The locations to be expanded

were selected by calling upon experience of people involved in operations on this segment and

by use of a computer train operation simulation known as LCM (line capacity model) devel-

oped by the Burlington Northern.

The first project was the extension of Kilsyth passing track in 1978. Kilsyth is a power-

controlled siding on the side of Duff Mountain near Lafollette. Tennessee, where the grade

is 1.15% descending southward. Originally this passing track would only hold one unit train

and was equipped with No. 12 turnouts which restricted speed of trains in and out of the siding

to 15 mph. The track was extended to a capacity of 174 cars, turnouts were changed to No.

15s. and signaling was revised permitting trains to approach and enter the siding at 30 mph.

Project cost $195,000.

The next project was the extension of Amherst which is located approximately 8 miles

north of Knoxville, Tennessee. Before the improvements, the siding and movements in and

out of the passing track were restricted to 15 mph because of No. 12 turnouts. The track was

extended approximately 4100' which would permit two unit coal trains to be chambered at the

same time. The No. 12 turnouts were replaced with No. 15s and signaling revised which

permits trains to operate at 30 mph in and out of the passing track. The cost of this project

was $340,()0().

At the same time Amherst was being expanded, a passing track was being provided at

Knoxville, Tennessee. Under the conditions that existed the mainline ran through the center

of the switching yard and one of the yard tracks was used as a passing track. The expansion

at Knoxville consisted of extending the yard lead to hold 136 cars to be used as a passing track

and upgrading a track around the backside of the yard to be used as a main. This project

eliminated the conflict with switching operations and at the same time provided adequate track

for meeting trains. This project was accomplished at a cost of $600,000.

In 1979. due to the steady increase in coal traffic it became evident that additional

improvements would be necessary, and in late 1979 work to provide three miles of double

track on the south side of Corhin. Kentucky, yard at Woodbine and three miles of double track

on Duff Mountain was started.
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Corbin yard is a flat switching yard located at the convergence of the Cumberland Valley

subdivision, the Kentucky subdivision, and the Knoxville subdivision. The preponderance of

traffic through the yard is coal coming from the eastern Kentucky coal fields. The terrain is

such that expansion to provide more receiving and departure tracks was not economically

feasible so it was decided to extend the passing track at Woodbine just south of Corbin.

The project at Woodbine consisted of extending an existing siding approximately two

miles and the installation of a double set of No. 15 crossovers, with mains signaled for

bi-directional running. These changes greatly improved the movement of trains in and out of

Corbin yard by eliminating the necessity of holding trains many miles from the yard waiting

for tracks to become available. Roadbed construction on this project was straightforward

excavation and fill. It was necessary to replace an old wooden overhead bridge with a structure

spanning both mains. The project was completed September 1980 at a cost of approximately

$1.6 million.

The Duff Mountain project consisted of connecting an existing power controlled passing

siding, known as Chaska. to an old storage track at Habersham.

All southbound loaded coal trains are pushed over Duff Mountain by helper units at-

tached to the rear of trains at Chaska. Due to the grades and curvature, speed is restricted to

30 mph in this area with tonnage trains being unable to maintain that speed. As a result this

area was a bottleneck for operation due to the length of time required to negotiate the

mountain. With the three miles of double track, up to three trains can be advanced to this area

and pushed over the mountain as soon as the helper units are available. The round trip for the

helper units to the top of the mountain is about 10 miles. Consideration had been given to

double tracking the entire north side of Duff Mountain and connecting to the passing track

at Kilsyth (a distance of 8 miles). Computer simulation indicated that this was not justified at

this time. However, construction of this segment would be a step in that direction.

The grade in this area is 1% with reversing curves of 8 and 10 degrees. The railroad is

located on the side of a mountain and original roadbed construction consisted basically of

carving a ledge making side hill cuts and the waste material going into the ravines as fill

material. Material in this area consists mostly of sandrock, blue shale and sandy clay. As a

result of this and the type of construction , roadbed problems have been a common occurrence

over the years. In an attempt to minimize these problems in future slopes, both cut and fill

were flattened and the side hill fills were trenched into the natural ground.

By cutting into the side of the hills and filling across ravines, we eliminated one 10 degree

curve and reduced two 8 degree curves to 4 degrees. This required the transition of the old

main into the new construction at three different locations. All the construction including

roadbed and trackwork was done while maintaining the normal traffic level through the area.

The roadbed at Duff and all other locations was constructed using L&N standard of 15'

centerline of track to shoulder of subgrade. Engineering fabric was placed on the subgrade at

Duff Mountain and covered with 4 inches of dense graded aggregate. Five types of fabric.

Typar. Bidim. Truetext. Terraflx and Mirafl were used and it is planned to inspect this

periodically to make a comparison of the effectiveness of the various types of fabric. This job

was completed in December 1980 at a cost of $2.3 million.

The next project to be undertaken was the extension of Kirkstall passing track. Kirkstall

was a 100 car passing siding located about 23 miles north of Knoxville. Tennessee, on the edge

of Melton Hill Reservoir which is one of the TVA lakes on the Clinch River. Construction

consisted of extending both ends to produce a double track section of approximately 3 miles.

There were some complications in this project, and some unique construction problems. To

construct the new roadbed, it was necessary to fill in some of the lake. A permit from TVA
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was required for this which took approximately 9 months to obtain. When the TVA reservoir

was flooded in the middle l%Os water was backed up onto the railroad embankments through

existing culverts. There were two 16' stone arch culverts supporting the old main that were

completely covered by the lake. It was necessary that these be kept open to equalize the water

level on both sides of the railroad. Because of economics, inspection and maintenance consid-

erations, it was decided to construct bridges over the end of the arch culverts rather than install

cofferdams and de-water the end of the culverts.

The Kirkstall project was started in November 1980 and completed in the latter part of

1981 so that we now have a continuous 3 miles double main. Cost of the project was $2.3

million.

It was determined that the completion of Kirkstall along with the other segments of

double track and signaled sidings that the volume of traffic could be efficiently handled

through 1982. Additional segments of double track will be constructed as required based on

traffic forecasts and the line capacity model.

These improvements coupled with major locomotive and car acquisition programs have

placed L&N and the Family Lines System in an excellent position to handle increased coal

traffic. For energy independence and for our railroad, we on the Family Lines hope the use

of coal as an energy source continues to increase.



Southern Pacific's Rehabilitation of Former Rock Island

Line Topeka to Tucumcari

J. K. Young*

I would like to thank you for the opportunity to give a presentation on SP"s rehabilitation

of the former Rock Island Line between Topeka, Kansas, and Tucumcari, New Mexico.

In October of 1980, the Southern Pacific, through its subsidiary, the St. Louis Southwest-

ern Railway Company (known as the Cotton Belt), purchased from the Rock Island Trustee

the line extending from St. Louis to Santa Rosa, New Mexico. SP first expressed an interest

in acquiring this line when negotiations opened in 1962 for a Union Pacific—Rock Island

merger. However, shortly after the Rock Island went into bankruptcy in 1975, the merger

attempt was abandoned.

SP continued its efforts to acquire the Golden State Route and, in 1978, reached an

agreement with the Rock Island Trustee for purchase of the line. In June of 1980. the ICC gave

a favorable decision which resulted in our taking ownership in October of that year.

The portion we rehabilitated is commonly referred to as the Tucumcari Line or Golden

State Route. It operates from Kansas City to Topeka, Kansas, on a joint trackage agreement

with the Union Pacific, then runs west and south through the cities of Herington, Hutchinson,

Pratt and Liberal, Kansas; Dalhart, Texas, and on to Tucumcari, New Mexico, for a distance

of 545 miles. The 60-mile portion of the line from Tucumcari to Santa Rosa has been operated

and maintained by SP since 1907 and was not involved in the recent rehabilitation project.

From Santa Rosa, the line extends south to connect with SP's New Orleans—Los Angeles

mainline at El Paso, Texas.

In March of 1980, SP began its operation over the Tucumcari Line as an ICC directed

carrier. The track conditions we inherited reflected the financial woes of the Rock Island. All

elements of the track, signal, bridge and communication system required extensive work to

bring them to a condition allowing 60 and 70 mile-per-hour operation. Tie conditions were

particularly poor with many miles of marginal Class 1 and 2 trackage. When we began

operations, trains averaged 26 hours to negotiate the line.

Road crossings required rehabilitation. Switch components needed replacing and drain-

age was virtually non-existent. The ballast section was a fine chat material which makes an

excellent base material for plowing, but required extensive reballasting with the crushed rock

or copper slag SP uses. Vegetation control in recent years had been limited to structures only,

which resulted in the line being overgrown with grasses, brush and trees.

Rail condition was the one "plus". The 1 12 and 1 15 pound rail section was found to be

in reasonably good condition, although we could not be sure until we could perform rail

testing. Three immediate problems were encountered. First, most rails installed in recent

years had been torch cut. Second, all curves had super-elevation for the high speeds of earlier

years and, with the more recent slow speed operation, low rails had become flattened. Third,

due to poor anchoring and tie condition, maintenance forces had been unable to control CVVR

rail movement. Therefore, numerous cuts had been made to allow for de-stressing. All these

conditions required correction.

Our planning for the rehabilitation began soon after we started operation. During this

period, from March 24 until the project began on October 6. 1980, we made a complete

Rci;ian;il Engineer. St. l.ouis Southwestern Railway Company
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inventory of the existing conditions. Using this inventory as a base, we prepared an application

for Federal assistance under Section 505 of the 4R Act. Work force requirements were

analyzed, applications for hiring were processed, required material was located, and con-

tractor availability was determined. The objective was to provide, as quickly as possible, a 60

and 70 mile-per-hour route.

Our inventory involved walking the line and making counts of all physical plant needs.

This included tie counts on a mile-by-mile basis. We distinguished between the ties needed to

bring the track to minimum Class 4 and the total ties required. This combination of counts was

necessary so our FRA application could meet funding criteria. Each switch was inspected for

its tie and component condition. From this, we determined the number of switches requiring

total relay and those needed to generate replacement parts. The majority of the switches were

10s and 15s. The 10s generally had spring rail frogs which, due to a lack of support ties, had

reached a condition requiring replacement. However, we did find the 15s to be in exceptionally

good condition.

Road crossings were inventoried and, almost without exception, required total

rehabilitation.

The bridge inventory found conditions to be fairly good. Only three bridges required

replacement, due to a loss of pile bearing. The most time-consuming bridge work involved

raising ballast boards and shimming open deck structures as part of the tie and surfacing

operation.

Signal and communication inventories found the pole line in poor condition, underground

wiring deteriorated, circuitry and equipment osbolete and failing insulation at joints and

switches.

As you can see. every segment of the maintenance of way had its difficulties.

Following our inspections, we prepared cost estimates and a plan of attack. Both of these

took the form of the application for Section 505 funding. These funds provided 50% par-

ticipation by the FRA in the form of preference share purchases to correct items deemed

"deferred maintenance"" under the guidelines established in the program. This application

included detailed work procedures, cost and material schedules, standards and detailed fund-

ing information.

The total commitment for the project included $48.5 million in Section 505 funds, $48.5

million in matching Cotton Belt funds, and an additional $4 million for installation of CTC
between Topeka and Herington, Kansas. This brought the total project cost to $101 million.

The CTC installation was in lieu of rehabilitation of double track. The CTC project involved

not only the installation of signal and communication equipment, but:

1. Retirement of 42 miles of the old eastbound mainline;

2. Rehabilitation of 12 miles of eastbound main leaving both Topeka and Herington;

3. Construction of three 3-mile sidings; and

4. Construction of a 14-mile siding at Alta Vista, the area of ruling grade on the route.

A number 20 equilateral switch was constructed at each end of double track and #20
lateral switches were used at siding locations.

During the planning period, it became apparent that skilled equipment operators and

supervisors were going to be in short supply. To fill our needs, we contacted all former Rock

Island employes and offered employment, but relatively few responded because of relocation

and displacement problems. As a result, we had to hire many new employes, including the
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Cotton Belt's first use of Navajo Indian forces. The shortage of stcilled labor also resulted in

our use of more contract help than had been anticipated. Tie installation was accomplished by

using seven Navajo gangs working 14 days on and seven days off in a rotation that allowed four

gangs to be working continually with two on rest days. The seventh gang was used in the

plowing operation and as an independent gang in the CTC construction. To provide the

necessary supervision, personnel were brought from every region on the SP/SSW system with

the majority working a 21 day on, seven day off rotation. The total work force during our peak

construction period exceeded 800.

For control and accounting purposes, the project was separated into seven work elements

and six geographic locations.

Our planning called for work to begin in October 1980 and continue until weather

conditions shut us down. As it turned out, this allowed 2'/: months prior to snowfall.

During this period, we began work in the two worst areas in an effort to remove as many
10-mph slow orders as possible.

In addition, it was necessary to lay 28 miles of CWR to generate the replacement rails

required for switches, road crossings and torch cuts I mentioned earlier.

To remove the worst of the tie conditions, work began at Hutchinson working east with

two tie gangs and the undertrack plow. Second, as preparation for CWR installation, two tie

gangs worked from Mullinsville east toward Pratt.

The 126-mile area between Pratt and Herington, which includes Hutchinson, required

plowing to correct an extremely fouled ballast condition. The schedule called for completion

of one mile per day with the plow and we met this goal.

Drainage work was begun in three areas to be ready for start-up in 1981.

The work force for the area between Pratt and Herington called for:

1. A material unloading crew of eight men distributing ties;

2. One 10-man crew preparing road crossings for plowing;

3. The first 42-man tie gang installing gage ties;

4. The plow crew of 12 men;

5. The second tie gang;

6. A ballast unloading crew of eight men;

7. Two surfacing gangs;

8. Another road crossing crew;

9. A paving crew; and

10. Two crews working switches.

Additionally, there was a 25-man track support gang, signal. B&B and water service

gangs and clerical forces as needed.

The same complement of employes was required on each element with the exception of

the plow crew.

Given the relatively short time available for material acquisition and distribution, logistics

soon became a top priority. At our peak, seven tic plants were treating and shipping ties.

These included not only SP's plant in Houston, but the Kerr-McGee plants in Kansas City,
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Madison, Illinois, and Texarkana, Texas; Koppers Plant in Kansas City. Scott Lumber Com-

pany in Alton. Missouri, and Central Mississippi Tie Company in Edwards. Mississippi. At

any given time, as many as 160 cars were either moving loaded to the project or being

unloaded. Tie unloading began in late September 1980 and continued daily until unloading was

completed two weeks before completion of our major tie installation on October 4. 1981. Total

ties used on the project were 1,070.025. The majority of tie unloading was done with a

combination of Cotton Belt support crews and Herzog Contracting operators. During most of

the project, two work trains, and sometimes three, were unloading cross ties, switch ties and

crossing material.

In 1980, the ballast for the project came from Douglas, Arizona, and El Paso. During that

IVi month operation, over 3.000 carloads were delivered. Ballast car supply and turn-around

time became increasingly critical. In addition to our El Paso source. Rock Products Co.

developed a quarry site at Perdernals. New Mexico. 24 miles from our station of Vaughn,

approximately 100 miles south of Tucumcari.

Rock was produced and trucked to the Vaughn site, stockpiled and then loaded. An
average of 8.000 tons of ballast was produced daily, enabling us to load two 70-car unit trains

per day. There were 14,933 carloads of ballast used from this source in 1981. To provide this

service. 350 cars were committed constantly to ballast loading. In addition. 30 side dumps were

used to stockpile ballast at switch and road crossing locations. Ballast used in the plowing

operation averaged 38.5 cars per mile and in areas of tie replacement and surfacing, 26.7.

During the peak of the project, finished track was being produced at a rate of 2'/: miles

per day. All tie gangs were geared to 1500 ties each and surfacing gangs to 1'/; miles. Our best

total tie production for one day was June 16. 1981. when 9.139 ties were installed by five gangs.

The best production by a single gang was 3.143 ties in 8'/: hours on June 23. 1981.

All final surfacing was completed using production tampers equipped with laser liner.

This lining required the extra effort of providing engineering staking, but produced the desired

quality of work.

The surfacing consisted of an initial raise immediately behind the tie gang, followed by

the final raise using the laser equipment. As conditions dictated, additional raises were made.

Each surfacing gang consisted of one production tamper, a follow-up or pup tamper, and two

regulators. Each set of tie gangs was followed by two of these surfacing consists. The majority

of surfacing was performed by Jackson-Jordan Contracting.

Road crossings were rehabilitated by installing 78' track panels constructed at the crossing

location prior to the production tie work. They were then finished with a temporary crossing

surface to allow safe auto passage. At this time, filter fabric and drain pipes were installed as

necessary.

After the tie gangs worked through the area, the crossings were surfaced as part of the

normal surfacing operation. This resulted in a uniform surface and corrected existing line

problems. Crossings were then completed using the same type material existing prior to

rehabilitation.

New switches were installed by two methods. First, by overlaying, with all defective ties

being renewed and the new switch laid, and second, by paneling where a new switch was built

outside the track and installed as a unit. All switches not renewed were reworked to remove

defective ties and components. Switch work was being performed during all phases of the

rehabilitation and scheduled for completion prior to the final surfacing operation. The final

step of the rehabilitation was walkway and switch dressing.

One of the keys to our success was a work equipment department which was sensitive to
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our needs. A list of possible replacement parts needed for each machine was developed by

manufacturers; this parts inventory was kept at a central location and dispatched as needed.

Mechanics supervised fueling and lubrication, in addition to making repairs at night, in order

to have us ready for the next day's work. Machine down time was never a major production

factor.

The final accounting of the project shows:

• 1,070,025 ties installed;

• 50 miles of 136# CWR laid;

• 95 new 136# switches installed;

• 825 road crossings rehabilitated: and

• 595 miles of track surfaced.

Operating time from Kansas City to Tucumcari is now at our goal of 12 hours. Compared

to the 26 hours required 14 months ago. this indicates the success of the rehabilitation.



Summary of Results Presented at the F.A.S.T.

Engineering Conference, November 1981

J. R. Lundgren*

Mr. President. AREA Members and Guests; thank you for the privilege of reviewing the

highlights of the November, 1981, FAST Engineering Conference with you today.

I hope to cover the significant results from the track engineering presentations with you

this morning. With considerable ground to cover and a short time allotment, we will be able

to do little more than skim over the most significant conclusions. I hope this sampling will

stimulate your interest, pique your curiosity and encourage you to obtain a copy of the FAST

Conference Proceedings for your own use.

Our condensation of the FAST results will cover ballast, cross-tie. fastener and rail

performance.

FAST Results: An Introduction

As most of you know, FAST was designed to provide a track structure where quantitative

measures of the performance of components or maintenance techniques could be reliably

gathered under a full-scale controlled test environment simulating revenue service conditions.

Accelerating testing at FAST provides us with some or all of the following advantages

over attempting tests under revenue traffic:

• rapid accumulation of tonnage

• uniform test environment

• controlled axle loadings

• controlled train speed

• controlled maintenance effort

• extensive measurement systems

• complete data collection and reduction capability

• high inspection frequency

• secure site with low accident risk.

FAST presents a unique opportunity to further the development of improved track

components and subsystems for railroad freight transportation. Our emphasis is on hardware

evaluation. Our measurements concentrate on the wear, forces and deflections that occur on

components being tested. To reduce the influences of both controlled and uncontrolled factors

on test results, FAST has relied heavily upon using absolute measurements in the comparative

evaluation of components and systems.

The FAST Track Experiments

The FAST track experiments direct their attention toward all of the major components

from the ballast on up to the rail surface. In the order of effort directed at each component,

the ranking would be:

• rail metallurgy

'Dircclor. Operations. K.A.S.T.. Association of American Railroads
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• concrete tie and fastener systems

• wood tie and fastener systems

• ballast

• rail corrugation

• track degradation

• welded rail end batter

• defect growth rate

• bonded and insulated joints

• switches and frogs

• highway grade crossing warning systems.

We will cover the major conclusions from the first six or seven shortly. As a matter of

interest, we have concentrated on tests of the draft and running gear components in mechan-

ical testing. Of most immediate impact on the track structure are the wheel-rail load and wear

relationships.

The FAST Test Environment

Prior to our review of the results from FAST, a summarization of the physical character-

istics impacting testing at FAST may be useful.

As noted, FAST is operated in a dry environment on a stable roadbed. There are high

rates of exposure of wheels and rail to curve wear. We do not operate at high speeds. The 45

mph maximum speed operated by the FAST train is below any hunting regime for the fully

loaded or even for the few empty cars in the consist.

The FAST Program includes a large number of concurrent tests in the loop trackage and

on the car equipment. Because of this, there are some limitations on the number of variables

that a particular experiment may wish to have. In a few instances, there are unavoidable

interactions between experiments. One case which comes immediately to mind is the influence

between the wheel and rail experiment designs. What is done in one invariably affects the

other.

We maintain a relatively high level of track construction and maintenance to preserve

uniformity within and between test zones.

There are no significant longitudinal impact loads occuring on the equipment from either

yard impacts or in-train forces.

Because of the relatively short loop trackage available for testing, most track experiments

have limited lengths with short, transition sections. There arc occurrences of longitudinal

interaction between sections. We have a limited ability to introduce large samples of com-

ponents for fatigue evaluation. In a similar manner, the mechanical tests have a limited

number of cars to work with.

Upon reflection, it can be easily seen that the benefits of FAST come directly from the

ability to closely control the test conditions. As discussed above, these benefits are gained at

a cost of some restrictions and limitations on the scope of individual experiments.

Economic Considerations

As with any engineering analysis, this introduction would be incomplete without due
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recognition of the economic implications. The cost-benefit relationship associated with any

change in practice is of paramount concern. The successful application of a proposed solution

to a problem encountered in revenue service hinges upon a number of factors, many of which

are unique to a given operation or location. After considerable thought, the FAST Program

has arrived at the following philosophy:

We will provide the quantitative technical information on the comparative performance

of items under test. We recognize cost data for the FAST Operation is not likely to be

representative of any revenue service application. Costs are highly variable and change rapidly

over time, reflecting such things as local availability, interest rates, transportation costs, and

others. It is our intent to provide comparative engineering results and analyses to which the

user may readily apply current cost data relative to his specific application. We are convinced

this is the most appropriate way to address the economic aspects of changing practices as a

result of FAST recommendations.

Ballast

We begin our review with the ballast tests at FAST. The major objective of the Ballast

Experiments is to investigate and quantify the effect of ballast material type, depth and

shoulder width on track performance.

In Section 15, track geometry measurements were taken on two subsections of track with

136 lb. jointed rail on 7" x 9" x 8'-6" wood ties at 19.5" centers. One section had a 6" ballast

shoulder; the other, an 18" shoulder. The results of tabulating track vertical profile exceptions

to FRA Class 6 limites over a 400 MGT period show that an increase in shoulder width has

the potential for reducing track maintenance effort and reducing the rate of track geometry

deterioration. Although wider shoulders are frequently recommended for lateral stability,

significant benefits in terms of vertical stability also accrue.

For the ballast type test, the limestone material showed significantly poorer performance

in terms of surface profile and alignment retention over 425 MGT of service at FAST. Except

for the granite (AREA 5 material), all of the ballast met the AREA 4 gradation specification.

The blast furnace slag (local Colorado source) showed the best performance based on track

geometry and maintenance requirements.

The results of our ballast depth tests (6", 12", and 18" depth) show that "deeper may not

always be better". A minimum ballast depth is required to reduce the stress applied to the

subgrade to a level compatible with the bearing strength of the subgrade soils. Increasing the

ballast depth above this minimum may increase the rate of track geometry deterioration and

increase the track maintenance expenditures. This occurred at FAST with the 18" depth. With

an excellent subgrade material, the additional ballast depth produced more settlement with

the deeper ballast section than would occur in the subgrade once an appropriate distribution

of ballast stresses on the subgrade was achieved. A 12" ballast depth gave us our best

performance.

Track settlement with tonnage is always a topic of interest. FAST experience in Section

3 is shown in Figure 1 . There are distinct differences in magnitude at the three locations in the

curve; however, each shows substantial settlement in the initial 3 to 4 MGT of operation with

about 40% of the settlement at 80 MGT occuring in the first 5% of the traffic. Ballast stability

improves with age (traffic) such that the settlement slope is virtually flat beyond 45 MGT.

Track modulus varies appreciably with mean particle size. For wood tie track, this is

shown in Figure 2. For concrete ties, an increasing trend of modulus with mean particle size

also occurs. However, concrete cross-tic construction provides a much stiffer track structure

as compared to wood. Wood tie track averaged 3000 Ib/in/in; concrete, 7500/lb/in/in.
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Track stability on curves and resistance to buckling from longitudinal loadings (thermal

or vehicular) is an important consideration. Figure 3 shows the results of individual lateral tie

resistance measurements on wood ties in the various ballast materials of Section 3 after 90

MGT of consolidation under train traffic. After a tamping operation, the lateral resistance has

dropped drastically as shown in Figure 4. At the 0.10" deflection level, the lateral resistance

drops from about 1700 lbs. to 600 lbs. as a result of the tamping operation. Similar mea-

surements were taken in Section 22 on concrete and wood tie track. The destabilizing effect

of disturbing track consolidated under traffic loadings is clearly evident. Although the heavier

concrete tie track shows significantly higher levels of lateral resistance in the traffic consoli-

dated state; the differential from wood tie track is considerably reduced following mainte-

nance operations. Lateral resistance can be reduced 50-75% following tamping.

From our most recent ballast type tests, gradation analyses after 200 MGT show the

Georgia granite with the least degradation, the Minnesota with the most. However, the

Wyoming material from the first ballast experiment is outperforming the Georgia on the basis

of degradation. The LA abrasion tests on the ballasts do not predict ballast degradation

performance in the field. We have found no relationships between the various granite types

and track settlement. We do find indications of a relationship between track modulus and

mean particle size.

Wood Tie and Fasteners

Wood tie and fastener evaluations have been a part of FAST testing since the initiation

of the program. In the dry climate of FAST, we find little plate cutting over 600 MGT for either

hardwood (oak) or softwood (fir) ties. Both plate cutting and maintenance requirements have

been essentially equal for the two types of wood. Using the Plasser track geometry car data,

we found no statistically significant difference in the amount of gage widening between the two

types of wood tie.

In addition to species comparisons, FAST has looked at the performance of reconstituted

(particle-board), dowel-laminated, glue-laminated ties and large tie-plates and plastic tie-

plates. A summary of our findings follows:

• No substantive difference in the performance of softwood and hardwood ties after 610

MGT of experience.

• The reconstituted tie is likely to plate cut and delaminate (610 MGT of experience).

• Dowel-laminated and glue-laminated ties are performing satisfactorily and equally well

after 610 MGT of traffic.

• Injection molded polyethylene tie plates are unacceptable for use on curves in heavy

tonnage lines.

• At FAST, 18" plates show no advantage over 14" plates (188 MGT of experience).

Turning now to our Wood Tie Fastener Experiment, we have evaluated a number of

fastener systems on a 5° curve for component failures, maintenance requirements, plate

cutting and gage widening performance. The layout of our current wood tie fastener system

experiments is shown in Figure 5.

A knowledge of the wheel-rail load environment is highly important to all track com-

ponent evaluations, but especially for the fastener tests. We have depicted the FAST vertical

and lateral load environment in Figure 6. We have added some comparative data from several

revenue service measurements. FAST's lateral loads are quite comparable to the revenue

service cases; FAST's mean vertical loads (all traffic loadings are from loaded 100 ton cars)
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is considerably greater than most revenue service applications. From a fastener viewpoint, the

L/V ratio is probably the most significant measure of load severity.

The data from Figure 6 has been recast into the probability plot of L/V ratios shown in

Figure 7. FAST has a bimodal distribution which reflects the lead and trail axle lateral loading

characteristics. FAST, as revenue service does, exhibits a low probability of having occa-

sionally high LA^ ratios. It is believed the L/V's in excess of 0.3 or 0.4 are the ones leading

to component failures, gage widening and increased maintenance effort.

Although plate cutting amounts are relatively minor (less than 0.10") and would be

insignificant for most practicing railroaders, our measurement techniques are sufficiently

sensitive to distinguish performance differences.

Using the track geometry car measurements over time, we are able to generate a plot of

gage widening performance with tonnage for the various fasteners (Figure 8). Measurements

of maximum rail base gage widening and maximum rail rotation were taken during train

operation. The elastic fastener systems, as expected, provide better rail rotation resistance

than the cut spikes, and generally provide better dynamic gage widening control.

The following summarizes our wood tie and fastener performance experience:

Hardwood and Softwood Ties (Section 19, Spiral Track)

• No component failures to date

• Little tie plate cutting

• Small amount of gage widening
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Cedrite Ties (Tangent Track through 610 MGT)

• Some deterioration from delamination

• Some tie plate cutting except where rubber pads used

• Current test in 5° curve should provide a better comparison with standard ties.

Laminated Ties

• Performed well with a few glue line delaminations on cross grain ties

• Use of 6-hoIe ("B") punch plates is not recommended for dowel laminated ties.

Polyethylene Tie Plates

• Marginal performance at FAST

• Use of injection molded plates is not recommended; compression molded plates per-

form better.

Plate Cutting

• Cut spike system showed a minimal amount of plate cutting; no other system produced

any measureable plate cutting.

• Where a tie is not decayed through fungus destruction or wood "metal sickness", tie

crushing under train loading is not expected to be a cause for removal of hardwood ties.

Gage Widening

Lateral Translation

• Fastener type has no effect at locations where L/V ratios are below the coefficient of

friction of steel on wood ( = .33).

• At L/V ratios greater than the coefficient of friction of steel on wood, most elastic

systems provide better lateral resistance to translation than cut spikes. The D.E.

System and INTMA Double Elastic Spike and FORTAX Compression Clip have the

lower dynamic deflections.

Rotation

• Elastic fasteners provide greater rotational resistance than cut spikes.

Concrete Tie and Fastener Performance

From its inception. FAST has maintained a position of leadership in the evaluation of

concrete tie track for heavy freight service. At FAST, we have measured peak bending

moments at the center and rail seat of the ties. Wheel flats rarely occur in the FAST operation.

Consequently, severe impact loadings on the ties are not encountered and the peak bending

moments are generally well within AREA specifications.

In the past, fastener fallouts and fractures have occurred at FAST. As shown in Figure

9, there is also a tendency for the clips to lose toe load with traffic.

In addition to the clip specific problems, we have experienced serious tie skewing move-

ments with many of the fastener designs. We believe the tie movement problem is related to

the dynamic behavior of the fastener-pad-insulator system under the high frequency vibration

loadings experienced by the track structure. Presumably, there are appropriate combinations

of fastener toe load, pad stiffness and coefficient of friction which will provide adequate
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longitudinal restraint for a heavy freight service environment. A few of these longitudinal

restraint relationships are shown in Figure 10.

Several solutions to the tie skewing problem are listed below:

Factors

Ballast gradation & shape

Tie Pad

Clip restraint

Position on grade

Curvature

Remedy
Large particle size with good shape factor

High coefficient of friction and adequate

pre-stress deflection

High longitudinal resistance

No easy remedy except track relocation

to reduce grades

No easy remedy except curve reduction

Severe grade and curvature conditions tend to aggravate the skewing problem. Consid-

erations for toe load and tie pad selection are as follows:

• Tie pad resiliency to:

—resistant tie skewing

—attenuate impact loads

—decouple rail/tie vibrations

• Clip design to tolerate deflections without fatigue.

Field measurements (Section 17—concrete tie. Section 7—wood tie) on clip and tic

behavior yielded the following results:

• Concrete tie clip strain was highest on gage side clip, low rail.
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• Highest deflections in counterclockwise direction.

• Clip deflections 30% greater on rigid pad.

• Clip strain 50% less on wood ties.

• Large amount of asymmetrical tie rocking.

• High rail flanging produces lateral shift; low rail vertical load produces rail rolling.

• Considerable tie plate bending on one wood tie plate.

Our recommendations for the selection of compatible concrete tie components for service

under North American axle loadings are:

• Rail • CWR with field welded joints to accommodate clips

• Clips • Wide margin between pre-load and yield stress

• Pads • Lower spring rate with low dynamic rigidity and

resistance to mechanical wear and hardening

• Ties • Meet area strength and dimensional specification

• Ballast • Large particles with good shape factors.

We believe that careful selection of components, attention to the dynamic environment

and construction detail will enable U.S. railroads to successfully apply concrete tie track

structures to mainline practice.

We are now able to summarize FAST experience with concrete ties:

Concrete Tie and Fastener Performance

Concrete ties have performed well at FAST. Optimum performance requires:

• CWR

• Clip fatigue resistance

• Pad spring rate matched to trafflc requirements

• Quality ballast with large particle size and good shape factors

• Tight dimensional tolerance

Concrete Tie Track

• Stiffer, both laterally and vertically, than conventional wood tic track under similar

ballast and subgrade conditions

• Settles faster than wood tie track after tamping

• Subgrade unit stresses are less under concrete tie track

Rail Metallurgy Investigations

A major part of the experiment efforts at FAST are devoted to the rail metallurgy

investigations. The loop configuration and operating practices were governed to a large extent

by the requirements for high tonnage on moderately sharp curves having unbalanced super-

elevation to support rail wear studies. Our primary thrust has been toward comparative

evaluation of the various rail metallurgies, both alloy and heat-treated, made available for test.

Figure 1 1 indicates the layout of the various rail types for the three metallurgy experi-

ments which have been run at FAST. The dates and conditions of operation for the three
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experiments are shown in Figure 12. In Figure 13, we illustrate the dimensions used in our

wear measurements. On the high rail, gage face wear, head height loss and area loss are of

interest. For the low rail, we are looking for head height loss and metal flow indication (head

width changes). In the case of the low rail, the area lost to wear and the area of flowed metal

are of concern.

In Figure 14, we have an example of the presentation of the comparative gage face wear

rates for the various metallurgies tested in the first experiment. The table quotes values of

wear rate in inches per MGT for both the poorly lubricated and well lubricated regimes. The

comparative relationship between the rail types is expressed by the Figure of Merit value

(normalization to standard chemistry). This table also illustrates the lubrication: metallurgy

interaction that occurs as the track receives lubricant at the wearing interface. As the lubri-

cation situation improves, the advantage of the premium rail materials over the standard

chemistry is reduced. From a wear life point of view, providing adequate rail lubrication to

standard rail may be a more cost-effective solution than moving to a premium rail. As we will

see, there are other considerations which may bear on the decision; resistance to fatigue

failure, resistance to corrugation formation and weldability.

As a part of the investigation in the first metallurgy experiment, various cant tie plates

were tried (1:14, 1:30 and 1:40). As shown in Figure 15-a, the 1:40 plate exhibited the best

wear relationship (gage face to head height loss ratio) for all of the tested metallurgies. A
composite Figure of Merit using both gage face and head height loss shows good agreement

with the Figure of Merit based on area loss (Figure 15-b). A proper assessment of the wear

resistance of any given metallurgy requires both gage face and head height loss measurements.

In the examination of the performance of standard carbon rail, the gage face wear rates

DIMENSIONS AND AREA DETERMINATION

Gage Side Field Side

Flow Width Flow Width

5/8"

FT
/x::::?Otel Area

Wi«*»

FIGURE 13
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in the dry regime for various heats were plotted against the equivalent carbon content. The
results are presented in Figure 16. With the range of chemistry of the standard carbon rails

tested, there was approximately a 50% variation in the gage face wear rate. Control of

equivalent carbon or the selection of rails at the high end of the equivalent carbon range (as

"blue end" rails once were) could yield standard rails with improved wear properties.

In reviewing the relationship of rail surface hardness to wear resistance in the third

experiment, the semi-logarithmic plots for the dry and lubricated regimes were developed

(Figures 17 and 18 respectively). The wear rate axis of the dry regime is an order of magnitude

larger than that of the lubricated regime. The slope of the line is also steeper in the dry

regime—a consequence of the metallurgy: lubrication interaction noted previously.

With the addition of further alloy rail wear data, the equivalent carbon analysis used in

Figure 16 can be expanded to include the effects of chrome, molybdenum and vanadium. A
linear regression analysis provides empirical constants in the various alloys in the equation for

equivalent carbon content.

A preliminary investigation into the wear mechanism occurring at FAST suggests that the

relatively steep wear rate vs. hardness plots may be due to a mechanism of wear that involves

cracking in the shear bands which develop below the gage face surface as a result of extensive

plastic deformation. The cracking in these shear bands is illustrated in the photomicrographs

of Figure 19. The depth of shear band cracking is much greater (0.001" to 0.002") in the case

of the high wear rate (low equivalent carbon) rail. Detailed metallographic examination

suggests that the cracks initiate in the subsurface and that non-metallic inclusions may be

associated with crack occurrence. If this is indeed true, wear resistance may be influenced by

AVERAGE GAGE FACE LOSS
SECTION 3: RME I

Below Lubrication

Transition

Rate, in/MGT FM

Std 0.0086 1

HiSI 0.0061 1.4

FHT 0.0059 1.5

CrMo 0.0041 2.1

HH 0.0032 2.7

Above Lubrication

Transition
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EFFECT OF EQUIVALENT CARBON LEVEL ON GAGE FACE WEAR RATE: RME I

AREA
Specifications Range

O

o
UJ

12

UJ
o
!f

UJ
(S
<

10

9

8

7

6

5

4

3

C„ = -/o C + */o Mn/4.75 + */o SI/10

3.8x10'-3.1x10'C.

• Std

HISI

).8 0.9 1.0 1.1 1.2

EQUIVALENT CARBON

FIGURE 16

WEAR RATES AS A FUNCTION OF HARDNESS: RME III
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WEAR RATES AS A FUNCTION OF HARDNESS

LUBRICATED REGIME

"^
A Std

(3

S
c

UJ

K

0.0010

0.0008

0.0006

0.0005

0.0004

0.0003

0.0002

0.0001

HH A CrMo(A)

A
. CUT RAIL IN SECTION 3aFHT

1 CR A A -~^ A SICr(HH)
CrMo C)

Y CrV

RAIL IN SECTION 17
SlCr (HH)

I I I I I

280 300 340 380 420 460

BRINELL HARDNESS ON GAGE FACE

FIGURE 18

the cleanliness of the steel as well. We are now able to summarize our observations on wear

and metal flow:

Typical maximum gage face Figures of Merit relative to standard carbon rail are:

• Alloy rail = 3

• Heat treated standard carbon rail = 3

• Heat treated alloy rail = 4

The relative benefit of lubrication depends upon the type of rail.

• Within the full allowable AREA chemistry range, a 3: 1 variation in gage face wear rate

would be expected.

• Hardness and yield strength are not necessarily good indicators of gage face wear

resistance.

• Metal flow on the low rail does seem to be influenced by lubrication on the high rail.

• Significant metal flow (low rail) was observed only in standard and Hi-Si rail.

• Uncontrolled variations in rail wear and metal flow behavior from one lubrication block

to the next substantially weaken comparisons made among blocks; strongest com-

parisons are made within individual blocks.

Welded Rail End Batter

In conjunction with our studies on rail wear, we were inevitably drawn into a study of the

weld performance of the various rail types. As a result of the hardness changes introduced at
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^^->

LOW WEAR RATE (X 200)

HIGH WEAR RATE (X 200)

FIGURE 19 _ PHOTOMICROGRAPHS OF TRANSVERSE

SECTIONS THROUGH GAGE FACE OF HIGH AND LOl^

WEAR RATE STANDARD CARBON RAIL.
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the weld zone by the welding process, distinctive batter configurations developed. These are

classified as "single dipper", "double dipper" and "peaked".

While following the batter growth of the various welds, a distinctive pattern of rapid

growth during dry periods and reduced growth rate during lubricated periods was noted.

Figure 20 shows the behavior of a chromemoly weld over 175 MGT. This figure shows the

same general pattern of growth on both high (outside) and low (inside) rails, although the

effects of dry and lubricated operation appear more pronounced on the low rail. The lubricant

is applied to the high rail gage face; the low rail running surface was almost always free of

lubricant.

The key observations from the welded rail end batter experiment are:

• In some cases but not all, dry operation clearly accelerated batter development.

• The batter rate of standard carbon rail on tangent track was about the same as that on

a 5° curve.

• The batter rate of low and high rail weldments on a 5° curve was generally about the

same.

• Standard carbon rail thermite welds battered at about the same rate as did flashbutt

welds.

• There is the hint that long delay post heat practices for alloy rail reduce batter devel-

opment.

• The batter rate may be highly dependent on the characteristics of the flash butt welder.

• A Fourier Series representation of batter appears to provide a suitable description of

both amplitude and wavelength (wave shape).

Rail Failure

Although the number of rails incorporated in the FAST test offers a somewhat limited

sample size for failure statistics, records have been kept and analyzed. We have had consid-

erable experience with weld failures.

FAST rail failure data for standard rail and high-silicon rail on a 5° curve and for standard

rail on tangent is compared with the AAR-AREA-AISI field data in the Weibull plot of Figure

21. The more severe load environment (100% loaded 100 ton car train movements) at FAST
shows up in the higher level tangent failure line as compared to the mixed freight traffic

experience of the revenue data. When compared to the Waynesburg Southern experience ( 125

ton cars in loaded direction), however, the FAST failure history is quite similar. The increased

severity of rail loading in curved territory is evident by the significantly higher failure rate

(position and slope) for the 5° curves at FAST.

Our experience with rail failure is summarized by these key points:

• A possible penalty of improved wear life achieved through lubrication is a shift to

fatigue as the failure mode.

• Doubling the nominal wheel load would appear to reduce rail life (at a given percentile)

by a factor of two to four.

• Rail defect/failure statistics and rail defect growth observations are essential inputs to

a better understanding of how rail inspection may be made more effective.

We believe the FAST Program has been most successful in generating practical, compara-

tive information on wear and metal flow, fatigue and failure of rail. Good measurement
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techniques and concise records of the loading environment have been the foundation of an

effective test program.

Rail Corrugation

In common with most heavy tonnage lines, the FAST curves show a propensity to develop

low rail corrugations relatively quickly (visible corrugations within 25 MGT or so, particularly

on standard rail). The current FAST experiment is set up to observe the formation, record the

growth, characterize the nature of, identify possible corrective or preventative measures and

investigate possible reasons for rail corrugations.

Using the cross-sectional and longitudinal profilometry techniques available at FAST, we

are able to show a schematic composite of the surface of a typical corrugated low rail (Figure

22). Our low rail corrugations typically have wavelengths in the 6 to 8" range. The flow lip

forming on the field side can be readily distinguished and can be seen to be more severe in the

valleys of the corrugations. We also note the corrugations are deeper on the field side. An eddy

current senor is used to measure rail surface profiles. Figure 23 shows successive readings

taken on a low rail of a 5° curve at intervals over 151 MGT of traffic. We have included initial

and pre- and post-grind profiles. Two parameters for judging the corrugation development

have been defined: "extent" is the percentage of rail in a given test zone that has developed

discernable corrugations; "severity" is a measure of the deepest corrugation within that test

zone. In Figure 23, we note the low growth rates characteristic of operating the train with a

lubricated high rail. When the lubricators are turned off, corrugations grow rapidly on the

low rail.

In an attempt to isolate possible mechanisms which may be related to corrugation for-

TYPICAL CORRUGATED LOW RAIL

50 MGT

FIELD SIDE

GAGE SIDE

NOT TO SCALE

FIGURE 22
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LOW RAIL CORRUGATION SEVERITY AND EXTENT PROGRESSION

MGT
SEVERITY = .000"

EXTENT =0%

33 MGT
SEVERITY = .004

EXTENT = 4%
END LUBE

47 MGT

70 MGT

73 MGT

151 MGT
^V\AA-- ^AA/VvA^

EXTENT - 12%

SEVERITY = .020"

EXTENT = 23%

SEVERITY = .006"
.-^—

-w-
EXTENT =6%

SEVERITY = .033'

END DRY

PRE GRIND

POST GRIND

FIGURE 23

mation, a metallurgical analysis of a section of corrugated rail from FAST was performed.

The results of this analysis were:

• No evidence of gross wheel sliding was found.

• No significant differences were found in surface or subsurface hardnesses between

peaks and valleys.

• The depth of the surface white etching layer did not differ between the peak and the

valley.

• Rolling contact fatigue checks do not necessarily define corrugation development.

From these observations, the following conclusions may be drawn:

• Corrugations are a deformation and "mild" wear phenomenon.

• Wear and deformation mechanisms are constant from peak to valley.

• Surface forces are a result of both longitudinal and lateral components.

• The resultant forces are similar in direction in both peaks and valleys.

• The magnitude of resultant forces increase from peak to valley.

As briefly discussed in reference to Figure 23, we have noted a clear relationship between

low rail corrugation development and high rail lubrication condition. This relationship for

both the severity and extent of corrugation occurrence is shown in Figure 24. During periods

when the high rail runs lubricated, corrugation growth is slowed or halted. When the high rail

is dry, corrugations tend to experience rapid growth. We have also noted a relationship to
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THE EFFECT OF HIGH RAIL LUBRICATION ON
LOW RAIL CORRUGATION DEVELOPMENT

SECTION 3, STANDARD CARBON RAIL

.050-1-

HIGH RAIL
LUBRICATION
STATE

MGT

FIGURE 2A

metallurgy. In general, the head-hardened and alloy rails tend to be much more resistive to

corrugation formation and growth. Corrugations tend to develop at lower rates in the head-

hardened and silicon-chrome head-hardened rails than in standard carbon rail.

We have also noted a relationship between track maintenance requirements and cor-

rugations. Once the rate of corrugation growth as measured by the extent parameter in any

given track segment exceeded 0.5% per MGT, the manhours spent on maintenance operations

accelerated dramatically.

During the first part of our work with corrugations, we have been primarily concerned

with what has been termed "the observational phase". We have developed measurement and

analysis techniques and have watched corrugations form and grow. Our next efforts will direct

attention toward isolating some of the factors which may cause corrugations and developing

appropriate control or avoidance strategies.

Axle-Load-Effects

As all of you are well aware, the amount of wear on track components and the rate of

track geometry degradation is highly dependent upon the type of traffic applied. Train type,

length, speeds, axle loadings, braking modes, as well as grade and curvature have a great

influence on the maintenance level appropriate for a track structure.

One recent test at FAST measured the effect of axle load on the rate of wheel flange wear.

Presumably, there is a close correlation with gage face wear on the rail. Flange wear rates

occurring on non-lubricated track for wheels on empty, partially loaded, fully loaded and

overloaded 100-ton open top hopper cars have been measured.

We are currently evaluating the flange wear performance of these cars while operated on
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lubricated track. For the unlubricated rail test, only minor differences in flange wear were

detected for ladings in excess of 66 tons. We found no significant difference on the wheel wear

between the two most common proprietary designs of three-piece conventional trucks.

Many of you are aware of newer truck designs which are purported to be self-steering.

These trucks, frequently termed "radial" trucks, should reduce the angle of attack the wheel-

set makes with the rail, lower lateral forces and reduce wheel flange wear. There should also

be benefits to the track in terms of the reduced lateral loadings on curves and lowered rail gage

face wear. We have tested radial trucks at FAST and can report on our findings for the

non-lubricated rail condition.

We found that the best performing radial truck type experienced 40"^^ of the flange wear

of our conventional design control trucks. We found that all three types of radial trucks tested

showed less wheel wear than conventional trucks.

Concluding Remarks

We are confident the FAST Program has produced results of value. We are certain that

many of the conclusions we have reached can be put to practical use on your properties. We
have slowly built up a library of technical reports which are readily available. We have

compiled a major portion of our work into the FAST Conference Proceedings document. This

presentation was put together using extracts from the Proceedings. I would encourage each of

you to spend some time leafing through it.

Reference

FAST Engineering Conference—1981 Proceedings, U.S. Department of Transportation,

Federal Railroad Administration, Transportation Test Center. Pueblo, Colorado, 81001, Jan-

uary, 1982.



Overview of Continuing Track Research Projects at the

Association of American Railroads

A. J. Reinschmidt*

Mr. President, AREA Members and Guests: thank you lor giving me this opportunity to

bring you up to date on the plans and activities of the Track Research Division ot the

Association of American Railroads.

Track Strength

One of the most important programs of the Track Research Division is the track strength

evaluation program. This program is centered around the DECAROTER vehicle. During

1983 the DECAROTOR will be upgraded to allow the vehicle to operate at higher speeds

during testing and will allow longer segments of track to be evaluated. The upgraded vehicle

will be capable of testing 10 miles of track at speeds of approximately 10 mph.

In addition to the mechanical modifications to the DECAROTOR, the data acquisition

capabilities will also be enhanced. The Federal Railroad Administration has agreed to loan its

T-5 Test Car to the AAR for use with the DECAROTOR. The data system on the T-5 car,

in combination with the upgraded control system, will allow real time evaluation of the gage

widening characteristics of track.

The results of the DECAROTOR program, to date, have been most interesting. Probably

the most significant result is the development of a technique to access the lateral force on the

rail fastening system. This approach was published in AAR report R-493, "Development of

an Improved Vehicular Loading Characterization, Associated with the Gage Strength of

Track" by W. P. Manos, J. F. Scott, J. Choros, and A. M. Zarembski. This report was also

published in Bulletin 686 of the American Railway Engineering Association.

The primary conclusion of this report suggests the lateral rail loads conform to the

equation:

L = S + (xV

where:

L = Lateral wheel load,

V = Vertical wheel load,

p. = Effective coefficient of friction between the rail and the tie,

.? = Fastener loading severity index.

Thus there are a two mechanisms which resist the lateral loads imposed on the rail: I ) the

friction which is developed between the rail and the tie, and 2) the rail fastening system. The

loads on the fastening system become significant only when the total lateral load exceeds the

friction resistance available in the track. Since the friction resistance is a function of the vertical

load, it can be shown that the traditional method of evaluation of gage widening loads, LiV

ratios, is not appropriate. Table 1 illustrates this point. For the nine vertical and lateral load

combinations shown each has the same net lateral force on the fastening system, yet the l. V

ratios range from 0.6 to 2.2. If the gage widening tendency is indeed a function of the lateral

force on the fastening system, the same degree of widening would occur for the wide range

of LIV ratios.

'Manager, track Research Division. Association of American Railroads
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Table 1

Calculated Fastener Loading Severity Values, for an Assumed Value of jx and Various

Combinations of Applied Lateral and Vertical Loads

Lateral
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pressure guages and determine the vertical actions ot the test car which arc excited by the rigid

abutments at the end of the track section. Late this year we will begin a series of tests, in

cooperation with the Track Train Dynamics program, to determine track strength of various

alternative track configurations.

Track Maintenance Research

The track maintenance research effort is divided into 3 subgroups; rail, ties, and subgrade

and ballast. Each of these groups is working on the development of tools which will assist the

maintenance-of-way engineer in assessing the impact of various maintenance strategies. Work

is continuing on the development of these tools for each of the subprogram areas. To date, the

most significant progress has been made in the rail area. I would now like to ask Mr. T. R.

Wells, of my staff, to bring you up to date on our progress with this effort.

In addition to the rail program which Tim will review, work is continuing on the tie and

ballast and subgrade areas as well. We hope to have more to report to you on the progress of

these efforts at the next Technical Conference.
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Introduction

Advanced railroad transportation services, associated with specialized equipment and

operations, such as 100-ton car unit trains, are dramatically affecting track component lives.

The need exists to quantify the effects, permitting maintenance-of-way engineers to plan

optimal maintenance cycles for individual line segments. Track maintenance planning models,

using physical track deterioration models and corporate financial methods, can provide com-

prehensive economic life predictors of track components.

Webb, et. al.,' outlined ongoing maintenance planning model development for three

track components: 1) rail, 2) wood ties, and 3) ballast and subgrade system. The goal of this

research effort is to provide maintenance-of-way engineers with tools to test potential mainte-

nance decisions and develop optimal maintenance strategies. The use of planning models

permit the systematic prediction of component lives based on site-specific information, thus

leading to optimal maintenance strategies.

The most complete example of a track maintenance planning model that utilizes material

performance knowledge with economic factors is the rail performance model. The rail per-

formance model was developed to analyze the optimal rail life when fatigue defect occurrence

limits the life. Preliminary sensitivity analysis done by Wells and Gudiness' showed that effects

of wheel loads and various economic considerations dramatically influence the optimal life of

rail in track. The rail performance model is being expanded to incorporate curve rail replace-

ment effects on the overall rail replacement strategy.

"Track Structures Engineer. Association of American Railroads
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Rail Life Characteristics

Characterizations of rail conditions are necessary for a rail replacement planning model.

Some historical characterizations have been wear condition and joint deterioration. With the

advent of welded rail, joint problems have been minimized, but in their place, fatigue defect

occurrences have become a major characterization of rail condition. Maintenance-of-way

engineers generally plan future rail replacements in curves based on wear conditions, and will

increasingly plan future rail replacements in tangent track based on defect occurrences.

Lubrication may extend rail wear lives in some curves to the point that fatigue occurrences

determine the rail life.

Rail Wear Lives

Rail wear limits in curves have been characterized by the percentage of rail head area loss,

with 25% being a typical wear limit. Early rail wear models utilized historical rail life statistics

to estimate the wear life. Variables used in the early models were simplistic indicators of rail

wear life, typically the rail size and annual traffic density.

Today, with the wide usage of heavy cars, simplistic models are inadequate to reflect

various operating environments. An analytical rail wear model, with the ability to consider

various operating environment characteristics, has yet to be fully developed and validated.

Reiner and Staplin'' have taken rail wear data from several railroads to develop an empirical

rail wear model for unlubricated standard carbon rail. Their model incorporates several

variables known to have major impacts on rail wear. Figure 1 shows their projected rail life,

based on a 25% head area loss, for various average car loads and degrees of curvature. Other

variables in this wear model include the rail size, annual traffic, and track gradient.

EMPIRICAL RAIL WEAR MODEL RESULTS
700
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Rail wear models used to predict rail life can also predict yearly wear rates. This refine-

ment enables a maintenance planner to simulate future operating environments and to deter-

mine their subsequent impacts on rail wear rates. Rail wear rates can then be accumulated

until the condemning limit of the rail is reached, thus permitting the calculation of hybrid rail

lives. Future rail replacement predictions, therefore, can reflect the expected operating envi-

ronments, not past averages.

Rail Fatigue Lives

The fatigue life of rail is characterized by the defect rates, i.e. , the yearly number of defect

occurrences normalized to one mile. Throughout the year, rail failures occur randomly,

necessitating spot replacements of short pieces of rail to avoid costly derailments. Even though

individual failures occur randomly, Besuner, et. al.,^ showed that failure occurrences over a

multi-mile track segment follow the Weibull probability distribution. This distribution pro-

vides the maintenance planner with a model to forecast future defect occurrences. Further

work by Armstrong, et. al. ."^ present the impacts that four different car loadings have on defect

occurrences, as shown on a Weibull probability graph in Figure 2 and in defect rate trends in

Figure 3.

Weibull probability analysis is useful for projecting future defect occurrences on a line

segment if the projected future traffic characteristics are similar to those from which the defect

data was gathered. On the other hand, if the future operating environment will be different,

an analytical model for rail fatigue occurrences is needed to forecast future defect occurrences.

An analytical approach to predict the initiation of fatigue defects has been developed by

Zarembski and Abbott^ in the Rail Fatigue Life Analysis Program (RFLAP). The results of

RFLAP can be used to characterize a Weibull probability function for defect occurrence

projections.
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Economic Considerations

Engineering forecasts of defect occurrences and curved rail replacements because of wear

can be converted into expected future cash flows. These cash flows can then be used in a life

cycle methodology to predict the optimum rail life for a specific track segment. The initial rail

replacement planning model analyzes the economic consequences of fatigue defect occur-

rence, treating curve rail replacements as periodic occurrences, based on fixed wear hmits.

The determination of rail fatigue hfe is heavily influenced by safety and economic consid-

erations, such as the value of the removed rail. Used rail value depends on the opportunities

that a railroad has to reuse the rail in track segments of lesser importance.

Economic Tradeoffs of Defect Occurrences

Each defect occurrence represents costs, such as labor and material costs required to

replace the defective rail, and the potential train delay or derailment costs. Defects found

during rail flaw inspections are the least costly to fix, because maintenance crews are organized

to systematically repair them. Defects found between rail flaw inspections cost more, due to

the unplanned mobilization of maintenance crews to fix them. A defect not repaired can

potentially cause a derailment, resulting in large costs. Approximately 75% of defects are

found by rail flaw detection methods, with track inspectors and train crews finding a majority

of the remainder.

To prevent the occurrence of defects, an investment can be made in new rail, presumably

free of defects for many years. Three major cost categories are associated with new rail

investments: 1) material costs, 2) labor and equipment costs, and 3) used material credits. The

direct cost of mainline replacement is dominated by the expenditure for the rails and other

track materials. The cost of installation and the removal of the old material is approximately

25% of the new material costs. If the old material is suitable for reuse in secondary track

segments, material credits can be in the range of 50% of new material costs. The rail relay

decision process involves comparing the costs associated with random rail defect formation to

the costs of new rail.

Economic Methodology

Modeling long rail life requires a general economic analysis methodology which is not

Hmited to a fixed time horizon. On the other hand, detailed projections of rail performance

50 years into the future have little economic impact on present day rail replacement decisions.

As a compromise, expected rail performance and relay costs are simulated in constant dollars

to occur in perpetual cycles, based on the future expected characteristics of track and traffic,

and the subsequent rail maintenance requirements.

The perpetual rail life cycle simulation is shown in Figure 4, following a procedure

developed by Fromovitz.^ Rail installation begins the life cycle and represents the initial cash

flow. Defect occurrences for each of the following years are then simulated sequentially,

permitting the costs of each occurrence to be discounted sequentially. The result is a rail Hfe

cycle present worth as a function of cycle length. For example, if the cycle length between

relays were 15 years, the present worth of the cycle would be the relay cost and the expected

defect costs for years 1 to 15, discounted back to the present.

Each individual life cycle is assumed to repeat perpetually, allowing a present worth

calculation for an infinite series of cycles. The optimal life cycle is the lowest present worth

of all of the infinite series of cycles. Figure 5 illustrates the increasing single life cycle present

worth and the present worth function of an infinite series of life cycles, for various cycle

lengths.
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The rail performance model is designed to analyze track segments which have been

systematically identified as having fatigue problems. The model utilizes defect occurrence

statistics, along with other site-specific parameters, to provide the maintenance-of-way en-

gineer with an analytical tool to assist in producing optimal rail replacement strategies.

Important parameters effecting optimal rail life include the average car loadings and the

expected use of rail that has been removed from track.
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Remarks by Division Chairman Wm. Glavin'

This afternoon's session is sponsored by the Engineering Division of the AAR.

Within AAR, the Engineering Division has the responsibihty for policy and adminis-

tration in matters of the fixed plant.

The American Railway Engineering Association is a voluntary professional association of

engineers, as well as other professionals who, by reason of employment and association, are

dedicated to the advancement of knowledge pertaining to the scientific and economic location,

construction, operation and maintenance of railways. This is done by:

(A) The investigation of these matters through study and research committees.

(B) Meeting for the presentation and discussion of papers for action on the recommenda-

tions of the committees.

(C) The publication of papers, reports, and discussions. The conclusions adopted are

recommendatory.

The major difference between AREA and AAR Engineering Division, however, is that

officers of AREA who are also officers of the ED-AAR, must be in the active employ of AAR
member railroads.

This means all representatives on the Engineering Division are employees of AAR
member railroads, are active in the affairs of the association, and also play an active role within

the Engineering Division of the AAR. The work performed and the goals sought by both the

AREA and the AAR Engineering Division are much the same.

*Vice PresidcnI-Administratlon. Grand Irunk Western K.iilroad
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Remarks by A. W. Johnston*

Good afternoon.

It's good to be here with you today, although I must say you have given me a very

demanding task. Particularly in view of the speakers' remarks preceeding me, my remarks will

be brief. Your program for this year's conference is one of the best I have ever seen.

The other day I was reading a newspaper story that focused on a movement in education

that I had been only vaguely aware of. It's called "Back to Basics". The article related how
school systems have increasingly discarded many of the ideas of education that had been

implemented over the last two decades . . . ideas that placed a greater emphasis on "learning

environment"—whatever that is—than on learning basic educational skills like the fabled

"3Rs" of my day.

The reason school systems are returning to those basics is that they have found in-

creasingly that our youth educated under the more modern theories simply haven't mastered

the fundamental skills they need to work and live a life of independence and responsibiUty

after graduation.

In a sense, the railroad industry today is a little like the educational system.

We've gone back to the basics. And the basics of our industry are that you must have a

good physical plant. If you don't, the most sophisticated equipment, technology and sales-

manship aren't going to do you any good.

Let me hasten to add that we are not turning our backs on advanced equipment, modern

technology or better marketing. We can't, not if we hope to survive. Indeed, we will have to

embrace new technology and marketing techniques with even more enthusiasm than we have

already shown if we are to have any hope of competing successfully in the new, less regulated

business world we have entered since the passage of the Staggers Act in October 1980.

But underlying all of this is the basic fact that our industry is only as good as its physical

plant.

I am proud to say that our industry has recognized this fact in recent years.

Remember the term "deferred maintenance"?

We heard a lot about that during the early '70s, as some hard-pressed railroads sought to

conserve scarce cash by delaying track maintenance or improvement programs until financial

conditions improved.

But conditions never seemed to improve enough to permit some railroads to catch up. So

deferred maintenance led to slow orders, which led to poor service, which led to traffic loss,

which led to revenue loss, which led to earnings loss, which led to more deferred

maintenance—and on and on and on.

But you don't hear that term "deferred maintenance" much anymore. And there is a good

reason for that. Since 1976. virtually all of our industry's deferred maintenance has been

eliminated, with the exception of course on lines that are abandonment candidates. Since

1976, railroads have installed an average of more than 800,000 tons of new rail annually. Since

1976, more than 27 million new crossties a year have been installed. Since 1976, we have

restored our industry's physical plant to the point where now we can compete in terms of

service, cost and reliability with anyone. In each of the last two years, capital expenditures for

plant alone have exceeded $1 billion.

"Vice President-Operations & Maintenance. Association of American Railroads
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But that is just what we have already done. What is even more important to the future

is what are we going to do now? Are we going to, in etfect, rest on these accomplishments?

I am happy to say that the answer seems to be an emphatic "no"! The evidence seems

clear that railroads are not going to cut back on maintenance and improvements to plant now
that it has been put in good condition.

No clearer proof of this can be found than in the response of railroads to the current

recession.

As you are aware, our business is off substantially. Carloadings are off more than 14

percent so far this year. We are averaging 180, ()()() surplus freight cars daily and over 5,000

locomotives are in storage.

I don't have to tell you what our industry's usual response to this set of circumstances has

been in the past. Maintenance was curtailed out of necessity for survival.

I might add, parenthetically, that there was a reason for this response—a reason valid at

the time. Railroads were under a regulatory system that made it virtually impossible for them

to counter the effects of a recession through any means other than by reducing costs. Since

some maintenance to a well-cared-for plant can safely be deferred for two or three years before

serious deterioration sets in, track work and roadway projects were usually cut back in an

effort to reduce costs.

I don't want to go over the same ground as Mr. Dempsey, but the regulatory system has

changed. Our industry is now finding ways to offset some of its loss revenues, as well as cut

costs during a recession. Our cost increases due to inflation can be quickly incorporated into

the rate structure so that regulatory lag is reduced. We are also finding it possible to respond

quickly to opportunities in the marketplace by reducing rates where this permits us to capture

new business. The Economic Recovery Act of 1981 provided new tax laws that make it possible

to treat expenditures on plant more advantageously.

As a result of these changes, there has been a dramatic change in the railroad reaction

to a recession. Many railroads are actually increasing their maintenance and capital ex-

penditure programs for track this year. Many major roads—for the first time in my memory

—

are actually planning to spend more on plant this year than on equipment. Admittedly, this

is due in part to a surplus in equipment at this time, but it is still refreshing to see most of our

resources going into roadway improvements.

For example, the industry is forecasting 1.6 million more crossties this year than during

1981 and an increase of almost 30,000 tons in new rail installations. Additionally, railroads are

planning to surface about 52,000 miles of track this year—roughly the same as during 1981.

Some of the individual roads have announced even more ambitious programs; substantial

increases in expenditures for plant have been announced by BN, ConRail, CSX, MoPac,

N&W. and Santa Fe, among others. Virtually every railroad that I've discussed this subject

with has budgeted for substantial maintenance programs this year. With traffic down allowing

more track time, and with proper planning, productivity could reach an all-time high this year.

Hardly the normal railroad reaction to a recession, id say.

These expenditures that our industry is making this year are very important to our

future—for the recession will end. Business will recover. Demand for railroad services will

increase. And when that happens, we'll be ready for the additional business as never before

in our history.

Our industry's increased commitment to its physical plant is just one of the encouraging
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signs I see. The long-range business prospects for our industry have never been better. As

Dr. Harris will tell you, our industry has never done more in the areas of research and test than

it is doing now. When conditions and technology change, railroads will be ready.

Another encouraging development is the spirit of cooperation rather than confrontation

that we seem to be developing with both labor and the Federal government. Nothing better

illustrates that spirit than the development of the proposed amendments to Federal Track

Safety Standards.

As you are aware, the question of so-called track safety standards has been an area

of considerable disagreement since their inception in 1911. But last year, at the request of

Bob Blanchette. the FRA Administrator, labor and management held a number of meetings

to review the track standards and submit their joint recommendations to the FRA for

consideration.

As a result of those meetings, the FRA published a Notice of Proposed Rulemaking in

the Federal Register on February 18th and hearings were held on March 16th. I would be remiss

if I did not take this opportunity to recognize the committee who participated in these

meetings with labor and the FRA to develop the proposed standards. Admittedly, we did not

get a number of regulations changed to our satisfaction, but a tremendous amount of relief has

been proposed and hopefully the final rules will be published in the next couple of months.

The committee was chaired by your president. Bill Glavin (GTW), with the assistance of

two past presidents, Mike Rougas (BLE) and Bill Autrey (ATSF). Also serving on the

committee was Dick Brohough (BN), Ace Parker (SCL), Rolande Haacke (UP), Bob Teeter

(CR) and Lou Cerny, Executive Director-Engineering Division, AAR.

These gentlemen made numerous trips to Washington attending meetings and gave of

themselves untold hours preparing and participating in the discussions with labor and the

FRA. In my opinion, they made a significant contribution to our industry and are to be

commended for their role in developing the proposed amendments to the track standards.

Through their efforts, the industry will be able to better allocate their resources, and at the

same time enhance safety.

Some of you are aware that with the blessing of the FRA administrator we have been

reviewing the rules, standards, and instructions for railroad signal systems with the BRS,
IBEW and FRA.

Due to the technical nature and complexities of the signal regulations, this has been a

lengthy process. I am, however, pleased to report that with the exception of Rule 236.410,

dealing with electric locks and Rule 236.506 under Subpart E dealing with release of brakes

after automatic application, the review has been completed.

As information, approximately 50 rules are recommended for revision and 16 deleted.

Considerable relief is being proposed in the testing requirements of relays and cable. Also

relief in filing applications when upgrading a signal system and recordkeeping requirements

are proposed. When the last two items are resolved, FRA will publish a Notice of Proposed

Rulemaking and hearings will be held. Hopefully, before the end of the year we will see final

rules on the RS&I.

Again, I would be remiss if I did not recognize the AAR committee who worked long and

hard with the BRS and FRA to develop the proposed changes in the RS&I. Bob Liggett (SCL)

chaired our group, Harvey Alexander (CR). .lack Derochic (MP), Leo Himmel and Bob
McKnight of the AAR. These gentlemen have done an outstanding job in representing our

industry and are to be commended for their contribution.
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I can't say enough about the spirit of cooperation that we had from the Brotherhoods

when it came to developing these joint proposals for submission to the FRA. I hope that this

spirit can be preserved and extended into other areas. Our industry is far stronger when both

labor and management stand together.

In closing, if you get the impression from my remarks thus far that I'm optimistic about

the future of our industry, you're right. I don't believe our prospects have ever been better

than they are at present.

Certainly these prospects will be enhanced by the spirit of cooperation that I just men-

tioned. They will be further enhanced by the commitment this industry has made to go back

to the basics—in keeping our physical plant in good condition.

I don't want to leave you with the impression, however, that our idustry's problems are

all behind us. They are not. We still do not earn enough as an industry to do all of the things

we would like to do—both in the areas of plant and equipment.

But we are dealing with these problems. Railroad management is moving aggressively to

keep pace with our competition. We have built a strong base—a base upon which we can build

for the future.
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It is a great pleasure for me to be with AREA at its Annual Technical Conference after

missing meetings for the past 2 or 3 years because of conflicts. My associate. George Way. has

always filled in for me and I'm sure his remarks have reflected our continuing commitment to

support AREA and the Engineering Division as appropriate within our budget.

I believe that AREA and the chief engineers of railroads have much to be proud of for

their operations the last several years. There was a time when track was thought to be almost

beyond the point of redemption. Those concerned with safety, those concerned with efficiency

of operations, and others made much of loose spikes, poor control of alignment, and many

other track issues. But the diligent and effective work of this community of railroad engineers

plus support from their chief executive officers, has made it possible to invest wisely and

effectively in upgrading of track to the very great advantage of the nation's transportation

systems and of the railroads.

We have been working on the interaction between equipment and track for many years.

Based on this work, we now have identified some alternative designs of freight cars that have

considerable potential to reduce dynamic vertical loads on track and thus the amount of track

damage. If these designs are successful, that is. if they receive the industry acceptance, we have

every reason to believe they will, we can anticipate significant reductions in track maintenance

costs without sacrificing the transportation efficiency of 100 ton cars. This surely will be to the

advantage of the entire railroad community.

The concept of examining whether cars could be more compatible with the track structure

and operating practices was followed by an attempt to examine whether rail could be adapted

and modified in the same way. However, careful study of rail to date has not revealed a

candidate alternative structure. To say it another way, it turns out to be easier to work to

improve the suspension system of cars and the overall design of cars than it does with the

design of rail. The scores of years of experience with subgrade preparation, ballast, ties and

rail have resulted in a system which whatever its shortcomings may be, still serves very

effectively.

Of course there are details that continue to need examination. Rail materials continue to

be under study. As you will hear later in the program, our work on the fundamental metallurgy

of rail steels 7 or 8 years ago has now led us to an approach toward heat treatment of rail which

may make it possible to install much better rail with a lower premium than current practices

require. Ties continue to be under study, but primarily from the standpoint of their longevity

and their interaction with the rest of the track structure. Rail fasteners are also of continued

importance in relationship to maintenance practices and to costs. From the FAST program and

much railroad experience, we now know a great deal about ballast materials. Subgrade

represents probably the greatest opportunity for continued examination. In too many parts of

the country, the subgrade is not ideal; and with the exception of the materials to separate

ballast from subgrade, we have not made significant progress in optimum ways of stabilizing

subgrade so far as I am aware.

Of course our current major problem in the industry is overcapacity or underutilization.

This problem arises from modal competition on the one hand and recession on the other. It

has reduced the capability of the industry to make all of the investments that it would like to

make.

We are in the process of studying where research should go in this time of difficulty. I am

•Vice President. Research and Test. Association of American Railroads
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very hopeful that it will be possible for us to make a convincing case for continued and perhaps

expanded research because I believe there are problems related to safety, efficiency and

effectiveness, and cost reduction that can be resolved by research.

In recent years, I believe we have learned much together by cooperative study. We surely

know much more about rail life and the factors that affect rail life in a quantitative way than

we did before. We surely know more about maintenance costs and the factors that affect

maintenance costs that we did before. And yet, we don't have complete answers to these

problems. We surely do not have adequate nondestructive inspection techniques, particularly

in relationship to longitudinal stresses in rail. Accordingly, with your help and your continued

participation in the broad activities of research and in the track/train dynamics program. I'm

confident that we can continue to make progress together.

Because of major reductions in funding by the Federal Railroad Administration, some of

the programs of the past are going to be reduced. Much of the support for academic institu-

tions will be eliminated. We are considering the role that AAR can play in a somewhat

expanded program of its own to restore some funding for the more relevant academic pro-

grams. I'm hopeful that we will find a method that will assure the industry that some academic

programs are continued to the mutual advantage of the research program and the industry

overall.

The FRA has indicated its intention to cease support for the Transportation Test Center

at the end of September, 1982. We are working with them to determine the conditions under

which it might be possible for the industry to take over that center. This problem is not yet

resolved, but there are hopeful indications that a solution can be found that would be mutually

satisfactory.

In spite of or because of the uncertain economic circumstances this is a time of great

challenge for the technical community. I believe the industry is so positioned that, as an

economic upturn begins, railroads will be an even more vital part of the nation's transportation

system. With the help of AREA, railroads will bear the kind of fruit that the cultivation of the

last few years should assure.

It is a pleasure to be with you and I wish all of you continued success in your programs.
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Board of Directors
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2000 L Street N.W.
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We have examined the balance sheet of AMERICAN RAILWAY
ENGINEERING ASSOCIATION as of December 31, 19 81 and the
related statement of income and expenses for the year then
ended. Our examination was made in accordance with generally
accepted auditing standards and accordingly included such tests
of the accounting records and other auditing procedures as we
considered necessary in the circumstances.

In our opinion, the accompanying balance sheet as of
December 31, 1981 fairly presents the financial condition of
AMERICAN RAILWAY ENGINEERING ASSOCIATION in conformity with
generally accepted accounting principles applied on a consistent
basis
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American Railway Engineering Association

Balance Sheet

December 31, 1981

ASSETS
Current Assets

Petty Cash $ 50.00

National Bank of Washington—Checking 183.77

National Bank of Washington—Savings 1,15X.33

Greater New York Bank—Savings 35,611.61

Northern Trust Co. Chicago

—

Certificate of Deposit Due April 12, 1982 100,000.00

Investment—Bache and Company 33,169.36

Accounts Receivable—Dues 1,100.00

Inventories 63,560.00

Accrued Interest Receivable 3,287.67

Total Current Assets $ 238,120.74

Fixed Assets

Furniture and Fixtures 6,143.71

Less: Accumulated Depreciation 877.67

LIABILITIES AND MEMBERS' EQUITY
Current Liabilities

Expenses Payable

5,266.04

TOTAL ASSETS $ 243,386.78

$ 26,087.73

MEMBERS' EQUITY
Balance January 1, 1981 $ 231,212.98

Plus: Excess of Expenses over Income

year ended December 31, 1981 (13,913.93)

Total Members' Equity 217,299.05

TOTAL LIABILITIES AND MEMBERS' EQUITY $ 243,386.78
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American Railway Engineering Association

Comparative Statement of Income and Expenses
Years Ending December 31,

INCOME
Dues
Publications

—

Bulletins

Proceedings

Manual
Trackwork Plans

Miscellaneous

Advertising

Interest

Conferences

Miscellaneous Income

TOTAL INCOME

1981 1980

$ 82,791.79
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American Railway Engineering Association

Notes to Financial Statements

December 31, 1981

NOTE I. SigniHcant Accounting Policies

The Association's books and records are maintained on the cash basis. The enclosed

statements were prepared from the books after adjusting to the accrual basis.

NOTE 2. Federal Income Tax Exemption

The Association is exempt from federal income taxes under Internal Revenue code

section #501(c) (6). Federal Form 990 Return of Organization Exempt from Income Tax will

be prepared in conformity with this report.

NOTE 3. Inventories

Inventories are stated at the lower of cost or market using the first in—first out method.

NOTE 4. Fixed Assets

Depreciation of furniture and fixtures is provided using the straight line method over the

estimated useful life of each asset.
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ization, Associated with the Gage
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Coal line, through Rocky Mountains, address

by V. W. Shtenko, 490
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—manual recommendations. 192
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tee report, 283

—manual recommendations, 285
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Glavin, 656
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—manual recommendations, 196
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—information report, 223
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—successful candidates, 474
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Magee, G. M., paper, "An Investigation of

Railroad Maintenance Practices to Pre-

vent Track Buckling". 1

—R—
Rail, continuous heat treatment, address by D.
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Terrill, V. R., address, "The Rebuilding and

Rehabilitation of the Boston and Maine
Railroad—The 4R Loan", 532

Thompson River Canyon, special feature. 63
Ties and Wood Preservation, committee re-
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opment of associated with gage strength

of track, paper by W. P. Manos, J. F.

Scott, J. Chores, and A. M. Zarembski.
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Turn Your
Rail and Track
Material Pr^le
Over...

ToA&K
• You'll talk to a specialist. He'll

understand your questions, you'll

understand his answers.

• You'll deal with the largest supplier

of relaying rail and track material

in the Gnited States. From the

commonplace to the obscure,

we have the supplies you need . .

.

on hand.

• You'll get action. With their

24-hour-a-day communications

network and 38 storage yards

coast to coast, our national

operations team will get your

order moving. Fast.

ASK FOR OUR FREE CATALOG, TOtJS^

A & K Railroad Materials, Inc.

P.O. Box 30076
Salt Lake City, aT8413C

Call Toll-Free (800) 453-88

TLX 389-406 ASK SLC
"



Neoprene
Bridge Bearing
Pads

Meets A.R.E.A
specifications

Neoprene bearings
between bridge
girders, beams, and
abutments absorb
thermal expansion
and contraction
better than mechanical
assemblies.

Neoprene's resistance

to weather-aging,
compression set, oil,

and ozone insures a

long service life and
no maintenance In

this application.

Use Neoprene Bearing Pads for

Elevated roads, Walk ways, Col

• Accommodates thermal
movement

• Provides uniform load"

transfer

• Prevents structural fatigue

from expansion-contraction
and vibration-shock

• Available in hardness,
durometer A, grades 50, 60,

and 70

• Neoprene bearing pads
withstand temperature's from
-50° to +200° F.

• Durable and maintenance-free

• Isolates components of

bridges, building, or structures

against vibration, noise, and
shock

: Rails, Bridge spans. Approach ramps,
umn to footing isolation.

RLE^I manufacturing and supply co.

1848 Wllmot Avenue • Chicago, III. 60647
Phone: (312)452-6480



The Allegheny insulated Rail Joint-

Designed to withstand the heaviest trafRc

in welded rail

This modern joint cements rail ends in position and thereaffo

resists all forces imposed by temperature and simultaneous forces

of live loads to move them.

This joint makes v/elded rail truly continuous. It promises you years

of service without maintenance costs, it reduces rail and wheel batter

to a previously unknown minimum. It employs the safety of steel splice

bars. It can be assembled in the shop or field. It has been tested in

service and AAR laboratories. It saves you lots of money.

Allegheny Drop Forge Company

Subsidiary of Tasa Corporation

2707 Preble Avenue • Pittsburgh, Pa. 15233



Quality and Progress

1924 (^GiT) 1982 for 58 years

in Chemicals and
Application . .

.

RAILROAD VEGETATION CONTROL

The R.H. Bogle Company
P.O. Box 588

ALEXANDRIA. VIRGINIA 22313

Memphis, Tenn. Alva, Okla.

Jacksonville, Fla.

Bridges, General and
Incidental Construction, Grading

Gravel, and Crushed Stone Surface,

and Railroad Structures

EDWARD KRAEMER
and

SONS, INC.

General Contractor Plain, Wisconsin 53577 Phone:546-2311



LOCOMOTIVE CRANES

and

MAINTENANCE-OF-WAY
ACCESSORIES
Panel Track Lifters

Multi-rail Lifters

Rail Threaders—CWR or Jointed

Rail Tongs
Ditching and Brush Cutting

Equipment
Modernization and OSHA
Equipment Kits

BURRO
BURRO CRANE INC.
1300 S. Kilbourn Ave Chicago. III. 60623
312/521-9200

CONSTRUCTION
EQUIPMENT

• Hi-Rail Telescoping

Boom-Type Excavators

• Hydraulic Excavator

—

Tractor-Type Crawler

• Hydraulic 40 & 55 Ton

Self-propelled Cranes

iSSi

^^^^.
CONSTRUCTION EQUIPMENT CO.

DIVISION OF BURRO-BADGER CORP

1300 S. Kilbourn Ave Chicago. III. 60623
312/521-9200

1^ *-



RIGHTON

Chevron industrial weed &
Get in touch with your nearest distributor:

Asplundh Tree Expert Co.

Blair Mill Road
Willow Grove, PA 19090

The R. H. Bogle Co.

P.O. Box 588
Alexandria, VA 22313

Washburn .Agricultural Service

Rt. L Box 2650
Davis, CA 95616

J. C. Ehrlich Chemical Co., Inc.

800 Heister Land
Reading, PA 19605

Spray Services, Inc.

4711 Piedmont Road
Huntington, W. VA 25704



THE TRACK!
Today literally thousands of miles of railroad track are kept free of weeds
and grasses with two efficient weed killers from ORTHO— Chevron
Industrial Weed & Grass Killer and Diquat 2 Spray. These herbicides

kill weeds and grasses on contact, with extraordinary speed. You
can begin to see results just hours after spraying. Both materials stay

active even at low temperatures.

While Chevron Industrial Weed & Grass Killer is a Restricted Use
Pesticide, Diquat 2 Spray is not. Both materials are non-explosive

and non-flammable. They're water soluble and rapidly absorbed by
weeds so you don't have to worry about rain ruining your spray

job after application. Both of these effective contact weed killers are

compatible with most residual herbicides on railroads.

Use one of ORTHO's dependable weed killers in conjunction

with your regular herbicide program and reduce the problem of weed
escapes. For best results, apply with ORTHO X-77 Spreader.

DANGER Paraquat IS highly loxic it swallowed and should be kepi ^^^
out ot the reach of children To prevent accidental ingestion never 51^5 ^^
transfer to food drink or other containers Read the label carefully ^^^P ^W||tf%
and follow all directions danger statements and worker safety ^^^ IIBslHIl
rules Restricted Use Pesticide Use all chemicals only as directed ^^lllll^f

Chevron Chemical

Company

Grass Killer- contains Paraqual.

Railroad Weed Control, Inc. Applied Chemical Division

Lockhouse Road Mobley Co., Inc.

Turnpike Industrial Park HO. Box 1640

Westfield. Mass 01085 Kilgore. TX 75662

For additional information contact:

CHEVRON CHEMICAL CO.. SPECIALTY SALES
P.O. Box 3744, San Francisco. CA 94119

Phone 415-894:5750



INNOVATIVE NEW RAll
Intermediate
Strength' Rail.

A lot more rail

for a lot less

than you think.

CF&I has succeeded in producing

a superior carbon rail at a very

economical price.

"Intermediate Strength'" Rail ha
a guaranteed minimum Brinell

hardness 8.5% above the

minimum standard carbon rail

hardness. The average hardness <

the new rail is an 18.5% increase

over standard carbon rail.

With its improved hardness and
yield strength, "Intermediate

Strength" Rail is capable of servin

in either tangent track or light

curved track.

Available for your immediate
requirements in standard and lone

lengths, "Intermediate Strength"

Rail is an innovative breakthrough

from CF&I. For more information,

write Railroad Sales Department,

RO.Box183aPuebl
Colorado 81 002. or

call (303) 561-6000.

A subsidiary of Crane <

Quality Steel Making People



Thetough couple
forweed control.
If you need a tough couple for

right-of-way weed control, ask for

Ontrack 8E® and Atratol®

A pre-emergence or early

post-emergence application (be-

fore weeds are 6 inches high) of

Ontrack 8E delivers top-notch

grass control that'll last the sea-

son. And coupled with Atratol

you'll get the broad spectrum

control you insist on— control

of foxtails, crabgrass, quack-

grass, pigweed, kochia and
Russian thistles.

What's more, Ontrack

8E is an easy-to-mix liquid.

And since it's concentrated it

goes a long way In fact, the conven-

ient 30 gallon plastic drum will

cover 60 acres.

Like to know more? Your
Ciba-Geigy railroad specialist can

explain all the benefits. To con-

tact the specialist nearest you,

call or write the Railroad and
Industrial Herbicide Sales

Dept., Ciba-Geigy Corpora-

tion, P.O. Box 18300,
Greensboro, NC 27419.
Telephone: 919/292-7100.

Ontrack 6E+Atratol

The Tough Couple.

'<.^

tarA-GeGs



DUPONT
has the people and products

to serve you
There's a Du Pont Railroad Vegetation Management
Specialist in your area. Let him bring his technical

knowledge and experience to help you solve your weed
and brush control problems. DuPont is represented by

the most qualified railroad applicators available.

Midwest Southern Northeast Central Canada

A. V. Glaser
8053 Monrovia

Lenexa.KS 66215

(913) 888-4357

Lee W. Pershke
904 Hawthorne Court

Franklin. TN 37064

(615) 794-6031

Peter Sarin
PO. Box 872

Apt 303

1305 North Broom Street

Wilmington, DE 19806

(302) 655-2472

R. H. Koester
4109 Three Oaks Drive

Arlington, TX 76016

(817)429-0668

R. A. Standish
PO Box 5848 Station A
Calgary, Alberta T2H 1Y3

(403) 259-4640

The Du Pont Railroad Vegetation Management Products.

KROVAR® I HYVAR® X VELPAR®
WEED KILLER

Gives you broad-spectrum
weed control at a low cost.

A single application of

Krovar I can substantially

reduce the need for

follow-up sprays later in

the season.

WEED KILLER

Especially effective on
hard-to-klll perennial

weeds and grasses such
as Johnson, Bermuda, nut,

quack, vasey and other
grasses.

WEED KILLER

Gives you both contact

and residual control of

a broad-spectrum of weeds,
grasses and vines.

Velpar Is non-volatile,

minimizing chances of

drift.

With any chemical, follow labeling instructions and warnings carefully.

BDPONI
•^EG u S PAT a TW Of'

RAILROAD HERBICIDES



ESCO
Rail Saws — Drills — Abrasive Saws
Anchor Applicators — Trak-Skans

Boutet — Field Welds

Grinding Wheels — Cut-Off Wheels
Yard Cleaners — Switch Undercutters

Tie Destroyer — Welded Rail Trains

Track Patrols — Portable Ramps
Tie Unloaders — Tower Cars

Hydraulic Testers — System Fuel Trucks

Rail Welding — Hydr. Rail Stressors

CHICAGO, IL — 312 939-0840

PHILADELPHIA, PA — 215 752-0133

ST. LOUIS, MO — 314 421-6499



Maintain tracic, roadbed and control

witli Evans equipment.
Control your next maintenance-of-way job with the

Evans combination—a wide range of equipment plus

•lexible lease/rent terms. We offer numerous products
and services to help you complete track maintenance
and railbed projects properly economically and on-time.

Evans/RTW builds and sells a complete line of

equipment, from gnnders and gaugers to skeletonizers,

offering you a choice of new machinery to do your track

maintenance work right. Selective contracting services

are also available for your major rehabilitation projects.

Equipment selection is expanded even further

through Evans/R & R Leasing. We offer over 500
pieces of widely vaned machinery for rental or lease,

from short term to duration-of-job. This equipment is

inspected and maintained by Evans professionals
before placement by experienced field engineers. In

addition, Evans/R & R Leasing sells both new and
reconditioned parts and components. We even provide

contract repair work for privately owned equipment.

And, Evans Track-Work Leasing offers a wide range

of plans for long-term equipment use and lease

packages including manual and motonzed equipment
for maintenance-of-way work. The services of skilled

operators and maintenance men are also available

under lease package terms.

Meet your next track or railbed maintenance job

head-on with equipment and services from

Evans Maintenance-of-Way Operations. For more
details, contact Walter Kilrea, V. R Marketing.

Engineered Products Division, Evans Products Co.,

2550 Golf Rd., East Tower, Rolling Meadows, IL 60008.

(312)640-7750.

(^ MAINTENANCE-OF-WAY OPERATIONS

evRnsencineeReo products Division
PfKXKiCTS companr / TRansfOKTanon srsTems c inousTRiOL aROuf



TaifunSnt
RAILWAY MOTOR CARS

AND WORK EQUIPMENT
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That's because L. B. Foster Company
can provide a rail. Or a railroad. Or
anything in between.

in fact, L. B. Foster is the country's
leading one-stop shop for rail, track-
work, rail accessories and tools. We
manufacture frogs, switches, turnouts
and pressure treated cross ties.

Beyond all this, we provide
industrial users with a track inspec-
tion service. Trained experts work
with users to maintain installations,

then provide the know-how and the
inventory to keep the railroad in

working shape.
And if there's a need for replace-

ment or repair parts, they're available

erything.
fast from any of Foster's coast-to-

coast stocking locations.

If you're an industrial rail user,

there's a lot more you ought to know
about L. B. Foster. Write for the
latest information about rail and rail

products and our track inspection
program.
Then you'll see we do supply

everything.

Write: L. B. Foster Company.
Foster Building, 415 Holiday Drive.

Pittsburgh PA 15220.

FOSTER L.B.FOSTER
COMPANY



FULL-LINE
SUPPLIER
OF RAIL SIGNALING CONTROL SYSTEMS

For more than 75 years, GRS has been a world leader in the

design and manufacture of transportation control systems --

and equipment -- for every type of railroad. Here are a few

examples:

SYSTEMS

• Automatic train control

• Computer-controlled cTc

and NX interlocking

• Computer-controlled automatic

car classification

• Automatic train operation

• Coded track signal control

• Rail-highway crossing warning

• Cab signals/speed control

• Automatic block signaling

EQUIPMENT

• Electric switch machines

• Safety relays

• Wheel presence detectors

• Car retarders

• Color - light signals

• Highway crossing flashers

• Traffic control consoles

• Rectifiers and transmitters

• Hot journal detectors

• Electric switch locks

Plus many more. For more information about how we can

help you, see your GRS sales engineer or write for Bulletin 200.

(^k^ (S

GENEnAL RAILWAY SIGNAL



B. C. HAMMOCK
CONSTRUCTION CO,

RAILROAD CONTRACTORS

SPECIALISTS FOR OVER 1 5 YEARS

• New Track Construction

• Repairing Old Tracks

• General Maintenance

• Site Preparation & Excavation

P.O. Box 577

Gray, GA 31 032

Phone: 743-0470



Bridges

Docks
Hump Yards

Track Work Earth Excavation

Coal Handling Rock Excavation

Facilities Pile Driving

km
THE HARDAWAY COMPANY
P.O. Box 1360, Columbus, Georgia 31993 (404) 322-3274

Heavy Construction

Projects since 1891 .

Bruce Bird

Marketing Mgr.



WORLD-CIASS
TRACKSTARS

Kershaw Ballast Regulators
. .

.
first in ballast maintenance

with railroads throughout the

world. Kershaw nnachinery

stands out because it is

designed and built tough for

long lasting dependability.

Run with the winner. Make sure

you have one of the Kershaw
stars on your team. For more
information on our complete
line of Ballast Regulators call

or write:

KERSHAW
Kershaw Manufacturing Company, Inc.

Post Office Drawer 9328
Montgomery, Alabama 36196
Telephone: 205-263-5581

Ballast Regulator 26

•**«• .^

Ballast Regulator 46



JACKSON
TAMPERS

MODELS

900 6500
2400 6000
2600 7000

and Hand Tampers • Tie Inserters • Automatic Switch Tampers

JORDAN
DITCHERS

SPREADERS SNOWPLOWS
IVe sell, lease, rent, rebuild

JACKSON JORDAN, INC.
O.F.Jordan Division

P.O. Box 95036, 1699 East Woodfield Road • Schaumburg. IL 60195

(312) 843-3995 Cable JAKTAMP
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The Ever-Dependable Wood Crosstie
(Good news down the line)

m thrs world of shrinking natural

resources, it's comforting to know
there s at least one resource that 15

literally growing The proven
dependable wood crossiie We re

growing them faster than we re

jsing them

Its a good thing On down the line

we'll need 30 million new crossties a

vear to keep America rolling That s

a pretty tall order Bui Man and
Nature — working together— began

filling It years ago

In the century and a half since

crosstie technology emerged from

the stone age. modern improvements
in drying and treating wood f^ave

extended the average life of the

crosstie five fold from about six

years to 30 years and up

Today, the modern wood crosstie

lasts longer than it lakes to grow a

tree big enough to make one or

more new crossiies

Nature is doing her part too

Hardwood growth now exceeds
annual cutting by more than 75S>

And that inventory—especially m
crosstie-size trees— is increasing

American Commerce has a lot

riding on the Strength and growth o'

the Nation s Railroads And our

Railroads can bank on the ever-

dependable wood crosstie to carry

Its share of the load Right down
the line

Koppers Company. Inc.

Pittsburgh, PA 15219

KOPPERS
Architectural and
Construction Materials



Manufacturers
Since 1938

The Original

HI-BALL

OIL BURNING SWITCH HEATER
BURNS 4 DAYS

MISSISSIPPI SUPPLY COMPANY
20-A Railway Exchange BIdg.,

611 Olive St.

St. Louis, Missouri 63101

Phone: Area Code 314 - 231-0930

SEALTITE HOOK BOLT

Fastens timbers and ties to steel beams. Easy

to install, long-life. Fins prevent turning.

Spring lock holds tension.

mi^ -AjXA^

SEALTITE SPRING LOCK

Maintains tension as timber

changes by weather or wear.

y

SEALTITE DOME HEAD DRIVE SPIKE

Fastens timbers and plonk decking on grade crossings,

bridges and docks. Wide, smooth head seals opening,

wears well.

LEWIS WASHER HEAD TIMBER DRIVE SPIKE

Fastens highway crossing planks, bridge guard roils and

general timber construction. One-piece head. Easy to

Install and remove.

e BOLT & NUT COMPANY

504 MALCOLM AVE. S.E., MINNEAPOLIS, MINN. 55414



These heav3nRreights out-maneuver

and out-perform all comers

where it really counts.

In the yard.
On the balance sheet.
Marathon LeTourneau's LeTro

Porters meet the operating and

economic demands of the intermodal

industry better than any competitive

equipment . . . even equipment with

greater lift capacity ratings.

Our Model 2682CH is rated at

80,000 lbs. compared to the 90,000

lb. rating of our largest competitor.

However, with its articulated frame

our Model 2682CH has a tipping

factor range and the competition has

none. In the full steer position the

80,000 lb. LeTro Porter has a greater

static tip load rating than the 90,000

lb. competitors. The LeTro Porter has

a more favorable horsepower to

weight ratio ... 1 HP drives 464 lbs.

as opposed to the 1 HP/600
lbs. of the competition

It's 10% longer for

even better weight/

balance characteris-

tics. And it has

a 12% shorter

turning

radius for greater maneuverability.

The Model 2682CH is more stable,

stronger, more efficient and more
maneuverable than the competition.

It's simply the "smart money lift

machine "

in the intermodal industry.

For a line-by-line "smart
money lift machine"
comparison, contact Fred
Boone. Call toll-free.

1-800-238-5591.

LeTourneau Railroad Services, Inc.

PO Drawer 18986
Memphis,TN38118
(901) 365-8600 or

(800) 238-5591

Distributors for Marathon lJjj^ LeTourneau Company

Longview.TX



Continuous Welded Rail

We will furnish everything for Cropping and Welding

All we need is a level site and a pile of rail

LEWIS RAIL SERVICE COMPANY
44050 Russia Road Elyrla. OH 44035

(216) 323-1277



LORAM'S ALL-PRO TRACK
REHABILITATION TEAM

Loram has not only built but actually developed some
of our industry s most innovative track machinery. The
sled, plow and shoulder ballast cleaner are examples
of Loram ingenuity. They re part of a broad line of

dependable track rehabilitation equipment that
includes:

LORAM RAIL GRINDERS (24-, 36-. 72- and 88-stone
models) grind down to the rail corrugation valleys

instead of Into them, as other grinding methods do.
Loram grinders restore rail without wasting rail metal.

LORAM S DOUBLE TRACK AUTO PLOW, which
plows ballast to the field side of double-track terri-

tory, sets up faster than any competitive machine.

LORAM S SHOULDER BALLAST CLEANER has the
highest capacity of any machine on the market. It

cleans ballast from the tie end to shoulder edge while
a scantier tooth breaks out fouled ballast. One pass
and the track is broomed and ready to use

LORAM S AUTOSLED/PLOW. with plowing and sled-
ding components built right in. can be set up fast-
actually in about 11 minutes.

LORAM S TIE INSERTER inserts five or more ties a

minute and can be easily adapted to handle concrete
ties. Design simplicity and very accessible parts make
the 1015 easy to maintain and repair

LORAM S WINCH CART sets up solid as a rock and
has 70 000 pounds pulling power Replaces the work
locomotive and crew normally used to pull undertrack
equipment

For purchase or lease information contact:

LORAM MAINTENANCE OF WAY. INC.

3900 An-owhead Drive • Hamel. Minnesota 55340
(612) 478-6014 • Cable LORAM: Telex 29-0391

MolMMty buiMs it tougher.

Or services it better.



HEAVY-DUTY

Rail Lubricators

i
l«»~/'v/I

• Easy Installation-no grinding or

drilling required

• No valves to stick or wear out

• Gear pump and ratchet arm sub-

merged in grease

• Effective distribution far beyond
trackside location

• Available in both single and
double rail units, 2-port or 4-port

design
• Extends rail life; reduces M/W
costs

Switch Point
Protectors

Low initial cost, low replacement

cost

Replaceable blade made of drop-

forged alloy steel, heat-treated

Long service life

Quick installation

Fits right or left-hand switches

Available for prompt delivery

A quality product matched with

quality service

Call or write for our brochures

Moore & Steele Corporation

Owego, Tioga County, N.Y. 13827 U.S.A.

(607) 687-2751

M&S
MOORE^STEELE



FROM MARMON TRANSMOTIVE

A BETTER WAY

CLEANS DITCHES 18 FEET FROM TRACK
CENTER!

CAST MATERIAL TO EITHER SIDE OR
LOAD INTO AIR DUMP CARS. EQUIPPED
WITH OUR CAR TOP CONVEYORS, RIG CAN
LOAD, HANDLE AND DUMP TWO 50 YARD
SIDE AIR DUMPS. WILL MOVE THESE
CARS UP A 1 Vi GRADE AT 10 MPH.

Marmon Transmotivc
P.O. Box 1511

Governor John Sevier Highway
Knoxville, Tennessee 37901 U.S.A.

615/525-6224 • TELEX 557-486

WILL DIG UP TO FOUR FEET BELOW
T.O.R. GREAT FOR TUNNEL AND
CROSSING DRAINAGES!



Proven Performer
National's helical spring washers have been giving

proven performances for America s railroads since
1887.

National railway washers have proven time and again
their ability to keep bolts tight by maintaining constant

bolt tension. They have proven their ability to with-

stand the extreme stresses and strains of continuous

heavy traffic and reduce maintenance costs systems
wide!

National ... the oldest name in railway track washers
with the newest innovations . . . still the name to

specify for quality, concepts, economy and service.

NRTIONRL LOCH WHSHER comprny
Industrial Parkway North Branch, N J 08876
(201 ) 526- 1 234 — Call collect. Send for free catalog.



A COMPLEX
CROSSING

'- This119lb. R.E. rail

complex crossing, a crossing

within a crossing, is an example of the

highly technical engineering and

craftsmanship developed by Nelson iron

Works to meet industrial railroad track

requirements.

We specialize in the manufacturing of

railroad track material, such as frogs, switches

and crossings.

Complete Trackwork Catalog available on

request— no obligation.

NELSON,
IRON WtrOXKS. IBTC

Mailing address: P.O. Box 80816, Seattle, VVa. 98108
3423 Thirteenth Ave. S.W., Seattle, VVa. 98134
Telephone: (206) 623-3800



the solution
toa rotten

TM

"Add years to the life of your
ties and timbers for a fraction of

their replacement cost." ACTUAL
SIZE

Would you pay a fraction of replacement costs to extend the

life of your timbers and ties? With replacement costs increas-

ing annually, Tie-Gard^" is the answer. Tie-Gard^" is the

clean way to treat, in-place. No spray — just insert Tie-Gard^"

cartridges into the unused spike holes or treatment holes

bored in critical stress areas. Tie-Gard^" preservatives are

absorbed into wood by osmotic action, spreading fungus

protection quickly and effectively.

FOR FREE SAMPLE OF
PRODUCT AND ADDITIONAL INFORMATION,

CALL TOLL FREE 1-800-356-5952

RAILROAD DIVISION
4546 Tompkins Drive
Madison, Wisconsin 53716
Phone 608-221-2292



ctfixationfasteners wouldn't work
V track...but new TRAK-LOKunli:

With longer trains, increased
density, higher tonnage and faster
speeds, my track is taking a beating,

I need a good directfixation

fastening system.**

. aren't designed for wcx)d ties. Trak-Lok

Is. Other fasteners won't fit my budget. Trak-Lol< does. It welds

right onto my standard high and low carbon tie plates in seconds

. . . don't have to buy new plates. And Trak-Lok goes on fast, I

don't have to worry about disassembling the track ... or about

scheduling. That saves me a fortune in crew time . . . particularly

in overtime. I don't even have to remove spikes or worry about

anchors. And it works. My tests show it'll give me 25% more clamp

force than the leading competitive system. And, when it comes to

transposing or replacing rail, my maintenance crew can get in and

out in a fraction of the time . . . without disturbing traffic."

Us timefor TRAK-LOK

CALL (609) 424-1 71

8

TRAK-LOK
OMARKmousTmesQ

OMARK TRAK-LOK " RAILWAY FASTENERS
2091 Spnngdale Rd . Cherry Hill. N J 08003

I would like to see samples and literature of the new
Omark Trak-Lok " Railway Fastening System variations.

NAME

TITLE

COMPANY

.

ADDRESS _ _ZIP.

TELEPHONE I
EXT



DOUBLE TIE LIFE OIM CURVES AT A SINGLE STROKE

Ties take a beating on curves. When you

replace rail frequently, your tie life may be

doubled by using the "Pandrol" brand rail

fastening system.

NO SPIKE KILLING, .no need to pull spikes

to replace rail.

REDUCE PLATE CUTTING. mechanical

wear is reduced.

EQUAL LOAD DISTRIBUTION ..loads sre

carried equally by each tie.

NO CREEP, LESS ROLL OVER...the strong

clamping force stops creep and resists rail

roll over.

EASY TO INSTALL...clips can be easily

installed or removed using standard track

tools.

SAVES TIME. rapid installation and easy

rail replacement reduces track time for

required maintenance.

The "Pandrol" system
Box 44. 505 Sharptown Road. Bridgepoa,

New Jersey. 08014 Tel (609) 467-3227



Applcton Takes a Long Look at Parkco

.

291 Feet Long. . .

Running diagonally across the heavily

trafficked thoroughfare of Newberry

Street. Appleton. Wisconsin on the

C&NW track are 291 feet of smooth,

safe, reliable PARKCO rubber grade

crossing. This installation was a joint

venture, with the city furnishing the

PARKCO crossing and the C&NW
preparing the track structure and in-

stalling the PARKCO material.

"Our most important require-

ment in selecting a grade crossing

system is the virtual elimination of

maintenance problems." explained

Tom Harp, City Engineer, Depart-

ment of Public Works, Appleton.

Wisconsin. "The elimination of

spikes and lag bolts in the Parkco

system did much to convince us that

we could achieve this objective."

Thomas L Harp. P E . Cily Engineer

Tom also stressed the fact that

"we were pleased with the method
and speed with which this system

went together. It took only two days

to install 291 track feet and busy

Newberry Street was again open to

traffic. We had done considerable

research to determine that, in the

long run, the Parkco system would

be more economical ... a prime

factor in our final decision because

Appleton purchased the crossing

material for the project."

Write us for more detailed in-

formation on both the Appleton in-

stallation and other locations where
there are PARKCO crossings you
can inspect. See for yourself how a

PARKCO system can be the answer

to safe, smooth and economical

grade crossings.

Transportation and Products Division

P^rk Rubber
Compciny t^s
80 Genesee Street. Lake Zurich. IL 60047

(312) 438-8222



Geotextiles may be a new word to many
leople, but it's a fast-growing familiar term to

aiiroad engineers and contractors concerned
/itfi economical, long-term reinforcement,

tabilization and drainage of soil structures.

Supac, a versatile series of nonwoven
olypropylene geotextile fabrics developed

y Phillips Fibers Corporation, largest and
ie most diversified manufacturer of

eedlepunch, nonwoven fabrics in tfie country,

> typical of the dedication to research and
evelopment Phillips devotes to preparing

Toducts engineered for specific end
se requirements.

Supac fabrics fill needs for sturdy

Dng-lasting reinforcement and separation of

"ack bed ballast from subsoil for greater load

earing and contamination

ontrol... helping maintain

ubsoil drainage for safety

nd lower long-range

naintenance costs.

Supac fabrics increase

subsoil load bearing for more efficient use of

fill materials and aggregate, and provide free

water drainage without becoming clogged or

blinded. They are flexible, tough and easy to

install. They will not rot or mildew and have
excellent resistance to soil chemicals. Their

physical properties are designed to cover

many railroad engineering applications— main
and secondary lines, switches, turnouts, grade
crossings, access road substructures,

earthwork dams, storage yards, work areas,

silt fences, erosion control and other

soil problems.

Supac fabrics in weights of 4, 5, 8, and up
to 16 oz. per square yard engineered to a

broad range of requirements are available

for railroad geotechnical use.

SUPAC
®

NONWOVEN FABRIC

FOR MORE INFORMATION TOI.I. FREF 800/84,"i-57,S7 IS .AT YOUR .SERVICE

ft Phillips Pelrotsum ComMny

PHILLIPS FIBERS CORPORATION
A SUBSIDIARY or PHILLIPS PETROLEUM COMPANY

ENGINEERED PRODUCTS MARKETING P O BOX 66 GREENVILLE SC 29602 (8031 242-6600

AGENT
United States I^ilkoau Services. Inc.

103.C 13368 Poi.O Road W.
West Palm Beach. FL 334 1 1

NAN
maw:

HRHtS



TKe Unbelievable PUM

:f* :
• ->, .'* * "^ -'"*" r ''

THE PLASSER UNIVERSAL MAINLINER

UNBELIEVABLE? YES!
BUT SEEING IS BELIEVING

So take a good, hard look at the PUM right here!

To begin with it's two machines in one. One machine isthe world's

most advanced production tamper, more highly automated than

any other machine on the market. It not only raises, tamps, cross-

levels and lines tangent track automatically, but it also works its

way around spirals and curves, tamping, realigning and applying

the proper superelevation as it goes.

The other machine incorporated in PUM is the world's most
advanced switch tamper, capable of raising and lining switches

while tamping all ties.

As a production tamper PUM is capable of maintaining an

average production rate in excess of 2000feet per hour. As a switch

tamper it is capable of lifting, leveling, lining and tamping the

longest switch in 45 minutes or less.

Ask us about a free demonstration

PLASSER AMERICAN CORPORATION
The productivity people

2001 Myers Road, P. 0. Box 5464

Chesapeake, Va. 23324

(804) 543-3526



our specialty. .

.

effective sighs for the Railroad and
Transportation Industry . . . crossbucks

caution, depot & station, track, targets,

caboose markers, trade mark decals,

any standards, plus caution styles

that you may be considering . . .

we can make them ALL . . . and at

sensible, economical prices'

"Service so good . . . it's Better

than having your own sign shop!"

..c c^ncAj ^ t^\^^)\ 7

POWER PARTS ^CU^ COMPANY
I860 North Wilmol Avenue • Chicago Illinois 60647 ^(312) 772 4600 • TWX 910 221-5507



A DOZEN (and one) WAYS to

IMPROVE your M/w PROGRAM

THE NEW ONE'
TIE-SAVR

PLUS A FULL SELECTION OF HYDRAULIC TOOLS, ^^ f m_s f

j

15*

racinB
RAILROAD PRODUCTS, INC.

1524 FREDERICK STREET RACINE WISCONSIN 5340J

A



railroad builders, inc.

Railroad Engineering, Construction

Rehabilitation, and Take-up

''By the foot or by the mile"

4039 South Santa Fe Drive

Englewood, Colo. 80110
303 761-1994

PROVEN PROTECTION!
» 11*

1/2"

3/4"

WRITE - WIRE - PHONE

PO Box 6122 • Akron. Ohio 44312 • Area Code 216 733-8367

Four Fluted Steel Dowels

ANTI-SPLITTING AND LAMINATING
DEVICE FOR TIES AND OTHER

WOOD PRODUCTS

LENGTH AS SPECIFIED 1 1/8"

DOWELS CONFORM TO
ALL AGENCY SPECIFICATIONS

PRECISION MADE TWISTED STEEL
GIVE ADDED LIFE

IN EACH APPLICATION



^f^^ -^-ver^^ V ft.'- " i'>^j.^'* :v^ sg^t, r^^j . '>v:^ai:'fi"''-'ivMi.i.yii/!!i-.-^.-^^ ;--•-

5-r^.

No derailments or maintenance crews creating traffi

^proBlems at this railroad cr&sing!

Adtl strength tb the, integri^ o^our tr

fest / west coa^t

» AIR conns P>*X- 'ATT»3 fll^*' '



NABLA
FORTAX

safety - durability - economy
selected by the French Railways for the new TGV high speed llne°and (or Its whole network, as well as by
other leading railways in the world. Outcome of 35 years of experience and 500 million elastic fastenings

in 50 countries. Specially developped for continuous welded rail on wood.poncrete or metal ties.

STEDEF 1 1 7 buraaux da la Colllna - 92213 SAINT-CLOUD CEDEX
V Franca - T»l. (1 ) 602.70.85 - Tx : 200 888 F
' STEDEF INC. 7657 Laaaburg PIka Tyaona Offica Park 1

4

FALLS CHURCH VA. 22043 U.S.A. - Tal. (703) 790-8777 - Tx : 901124



STM

THE VERSATILE TAMPER . .

.

Designed for today's busy work schedules,

this Tamper offers big tamper quality on a

smaller tamper frame. Driven by a Perkins

Diesel and a 3-speed hydraulically driven

transmission with chain drive to the alloy

steel axle, the STM tamper track travels at 30

MPH. By using Tamper's proven vibratory

squeeze method of tamping, it assures

uniform consolidation of ballast under the

tie. Working in tandem with our bigger tam-

pers, the STM produces quality track and

speeds tandem tamping operations by

decreasing the number of ties the main tam-

per tamps. As a tamper, the STM can handle

your tamping requirements.

SEE YOUR NEAREST TAMPER REPRESENTATIVE TODAY.

Tamper^^
2401 Edmund Road
West Columbia
South Carolina 29169
Tel. (803) 794-9160
Telex 573423



Serving the railroad industry

with technology you can depend on.

Call on Teleweld for field-proven

rail maintenance systems: service

and equipment.

SERVICE Rebuilding of Frogs, Crossings,
Switches • Rail End Reclamation • CWR
Joint Repair • Thermite Welding

EQUIPMENT Rail Heaters • Rail Grinders •
Power Cars • TELEFLEX Equipment Cars
•CWR Heating Cars • CWR Cooling Cars •
SONIRAIL Flaw Detectors • Power Plants
• TELEBRINELLER Hardness Testers

Call or Write for new corporate booklet, showing

capabilities and product line. Details and

specifications of any service or equipment listed

also available.

TELEWELD, INC.
Dept. 11, 416 No. Park St., Streator, IL 61364
Phone: 81 5/672-4561 TWX: 510-359-0897

NOW OPEN— TELEWELD FIELD SERVICE
CENTER and WELDING SCHOOL
1555 Hawthorne Lane, West Chicago, IL 60185



WESTERN-CULLEN-HAYES
Railroad Products
rugged quality and dependability

Delectric Operator
Used with

HB sliding derail.

Available as door

protection system

Rail Benders
25 and 35 ton jacks

for rail up to 155 lbs.

Derails
Sliding, hinge,

portable, remote
controlled

Bumping Posts
All-steel,

universal fit,

6 types

Equipment
Shelter Boxes
Cable Boxes ^^.9^
Lightning M
Arresters - f^ '^

Crossing
Signals
Gates, cantilevers, flashing light

signals

Switch Lamps
and Targets
Aluminum or poly-

carbonate-colors

to meet railroad

requirements

For more Information

write:

WESTERN-CULLEN-HAYES, Inc.
2700 West 36th Place • Ctiicago, Illinois 60632

Teleptione; 312/254-9600 • Telex 25-3206

120 North 3rd Street' P.O. Box 756 • Richmond, Indiana 47374

Telephone: 317/962-0526

78-9



Installation of the True Temper oil containment system requires
minimum labor and no special equipment.

TrueTemper
has an oil

containmeni
system
that saves
you money!

<ao<aAe>o<3C>oca0.ea<:?c

NEW CONCRETE

•OPTIONAL

TRUE TEX IT-IO

TRUE TEX MG FABRIC SAND BARRIER

TRUE TEX MG-100 DRAIN PIPE WRAP

6" ID PERFORATED PVC DRAIN PIPE
RECOVERY

If oil containment is a problem for you, we have the

solution. ..the oil containment system from True Temper.

The True Temper oil containment system is not only

easy to install, but cost effective as well. And with today's

spiraling fuel costs, the system allows you to recover oil

that might otherwise be lost.

The capacity of a standard True Temper oil containment

system is approximately 10,000 gallons. ..that's about six

times more than other systems. In addition, the surface

recovery area is alomst double that of other systems.

And unlike the others, the True Temper oil containment
system can handle major spills and permits standard

track maintenance without disturbing the system.

The True Temper oil containment system features a

top layer of a needle-punched polyester True Texiw engi-

neering fabric to prevent sand from fouling the system
while permitting spilled diesel oil to enter it. The entire

containment basin is constructed of a continuous sheet

of True Temper's unique True Tex IT-10...a tough.

muE ,^^^m^^
RAILWAYAPPLIANCES, INC.

impermeable, nitrile rubber impregnated

faljric designed specifically for use in oil

containment systems. The True Temper o

containment system. ..designed and
engineered for efficient oil containment e

effective recovery.

So, if oil containment has been a probi

for you. ..give us a call at (216) 696-1715

MAIL TODAY! I want to find out more about ol

containment and recovery!

D Please mail iniormation and literature

Have a representative call and deliver a sample ol I'

True Temper
Railway Appliances, Inc.

320 Hanna Building, Cleveland. Ohio 44115

Name

.

Title.

Company

Address _

City

State. Zip.

Telephone. ARE



Hie world*s most
advanced rail.

Fromdie world's
mostadvanced
rail mill...



Wheeling-Pittsburgh's new
Universal rail mill-now
open and rolling!

It took the world's best available technology

to make better rail for you to run on.

Wheeling-Pittsburgh's un/que universal mills

mean higher quality . . . more consistency . .

.

and better productivity. 400,000 tons a year,

in fact. It's the only U.S.-made rail of its kind-

from the only U.S. rail mill of its kind. Best

of all. you don't pay anything extra for the

better quality. So don't delay. Call us at

(4 1 2) 288-3620 and get your schedule roll-

ing on our schedules. Wheeling-Pittsburgh

Steel Corporation, Four Gateway Center,

Pittsburgh. PA 15222.

^WheelingW Pittsbupsh
STEEL CORPORATION



FAB-RA-CAST
jthe FAB ricated RAilbound preCAST reinforced concrete crossing

SURFACE SYSTEM, designed with the "driver in mind", says if

lyou are one who thinks the BEST example of a product is the pro-

duct itself, then we boldly invite you to USE THE VERY BEST .

sj-gfTO lem pue -grgQ uaawnN
|9Q 01 3N0 JO^ uiooj A|uo Sj 8J9L|j 'pijom ..aoe^jns,, Sujssojo simj u|

one word says it ALL !!!!!

SMOOOOOTH

member:

AREA-ARF-NRC/MAI-RDM-REMSA-RPI

§xarLSn\<?rpride^ , unc. P.O. BOX 2027 • LIVONIA, MICHIGAN 48151

TELEPHONE: 313 • 427-5535



AVERY
TM

SHEETING

TRACKS

When Safety Is First.

Railroad crossings are serious

business. To assure safe visibility,

remember our name, Avery.

First, there was Avery's Fasign®
Engineer Grade. Our top of the line

beaded reflective sheeting. In

flexibility, quality, and superior

performance, you couldn't find

a better value. We even backed
it with Avery's 7-year warranty.

Now we've gone one step
further, one step safer. Introducing

Durabrite™ Hi-Intensity Grade Reflective Sheeting.

With a unique prismatic design, it has 3^2 times the

specific intensity of most beaded reflective sheeting.

'—

'

That means greater visibility around the clock. And
"Durabrite" Hi-Intensity Grade is tough, too. With a

unique, solvent-resistant film, "Durabrite" is protected
against severe handling, vandalism and harsh

weather. For all your railroad signage and
markings, remember "Durabrite" Hi-Intensity

and "Fasign" Engineer Grade products from
Avery. The first name when
safety is first.

Avery International

Reflective Products

250 Chester Street Painesville, Ohio 44077 (216) 352-4444



"^y LONE STAR INDUSTRIES, INC.

We Sell Pre-stressed

Concrete Railroad

Cross Ties

David A. Pittinger 6416 Halsey Drive

National Sales Manager Woodbridge, IL 60517

Railroad Products Bus: 312 964-9775

Res: 312-964-1259



Raychem keeps you
on the fast track
Raychem keeps you rolling

with an extensive line of reliable

products for many rail and
mass-transit applications:

Self-regulating heaters

automatically vary heat output

in response to variations in

temperature. The Contact Rail

Heater (CRH) freeze-protects

and de-ices electrical

contact rails.

Heat-shrinkable tubing

insulates, encapsulates, splices,

strain-relieves and per

mits rapid field repair

of w/ire and cable.

ThermoFit Marker System
provides rapid, indelible mark-
ing and identification of v^^ires,

cables, panels, relays and
switches.

High-performance wire for

signal and communication...
specialty wire and cable for

transit systems. . reliable wire

and cable splicing and termina-

tion devices... and much more.

For the whole story on how
Raychem keeps you on the fast

track, contact:

Raychem Corporation
300 Constitution Drive

Menio Park, CA 94025
415) 361 4070



DEPENDABLE, PROVEN PRODUCTS
FROM RAILS COMPANY

SWITCH HEATERS
to protect switch points from freezing

HAB SWITCH HEATERS
Proven in use at sub-zero temperatures.

High pressure blower distributes hot air

steadily, evenly through a duct and nozzle.

Manual or autonnatic. Oil fired, natural gas
or propane. Easily installed and serviced.

RAIL-TEL SWITCH HEATERS
Advanced design assures correct

combustion under all conditions. Improved
unit burner increases efficiency. Dispatcher

controlled or automatic operation vs/ith

Rails Company Snow Detector. Long-

lasting, easy to install. Proven in thousands
of installations.

TYPE LP SWITCH HEATERS
Improved air inspiration design assures the

best combustion regardless of weather or

humidity. Uses low pressure natural gas.

Provides uniform heat. ..dependable, long

life operation. ..easy installation. ..minimum
maintenance. ..automatic ignition.

TUBULAR ELECTRIC SWITCH HEATERS
All voltages and wattages available. Supplied with adjustable hardware.

Control panels with ground fault detection for all requirements.

RAIL FASTENINGS
(or high speed transit

FLEXICLIP'
RAIL FASTENERS
for concrete ties

Resists rail

movement with

positive tiolding

power in all

directions Fast

installation with regular equipment
For jointed or welded rail Insulated

fastenings available.

COMPRESSION
RAIL ANCHORS
for wood ties

Anchors in both

directions, providing

maximum rail

protection with

lower installed cost

Fits all rail sections-

welded, turnouts,

bridges, crossings.

RAIL ROD
the one-man track carl that

can be carried by one man

Totally insulated, will not activate

switches. Safety clutch and brake

system 2-wheel drive Rugged
construction Folds up tor shipping

and storage Proven on ma|or class

one railroads

SNOW DETECTOR
starts heaters or removal

equipment

Provides local

control at remote
or near points.

Automatically

turns on ramp
heaters, grids, etc

to keep drives,

building entrances,

sidewalks clear of ice or snow
Activates highway warning signs

Compact, easily installed,

maintenance-free Foolproof .operates

only in snow, freezing ram. hail or ice;

not during normal ramtall Complete
with sensing head, control box.

mount, temperature control

Other RAILS COMPANY products to protect and maintain your track include:

Track Lubrication Systems. Automatic Switch Point Locks. Wheel Stops.

RAILS
COMPANY

f^aplewood. N J 07040
Chicago. III. 60604 . Oal^land. Calif 94607

In Canada; lEC-Holden, Ltd.



IHIhal II GreatWay to Hold
H RailroadTugether

Standard and insulated track joints

Motive power and rolling stock

Bridges and other RR structures

Send for our newest FREE CATALOG
on how to hold it all together:

HUCK MANUFACTURING COMPANY
8001 Imperial Driven Waco, Texas 76710

HUCK

PENTA CONSTRUCTION
CORPORATION
Railroad Track Construction

Retiabilitation, and Related

Right-of-way Construction

6800 Jericho Turnpike

Suite 110 West

Syosset, New York 11791

(516)921-4200



Bethlehem
steel for railway systems

Freight Cars



HYDRAULIC POWER FOR
RAILROAD EQUIPMENT
Cut cost and increase efficiency

in the production and heavy-duty
repair of railroad equipment.
ENERPAC has the right Hydraulic
Tools for: Car Fabrication, Machin-
ing and Fastening.

Hydraulic Maintenance Tools
for: King Pin Coupler Repair, Si

Straightening and Rebushing, Journal
Bearing Maintenance and many
other jobs.

ENERPAC Hydraulic Tools ideal
for railroad applications: Cylinders
including the new RR-5020 Double-
Acting Cylinder with 20" stroke,
Pumps, Presses, Pump and Cylinder
Sets, Cutters, Punches and the
Pullpac System.

Go with the power and versatility

of ENERPAC Hydraulic Tools.

See your local ENERPAC Distributor

for the New Hydraulic Tool Catalog.
Or write ENERPAC, Butler, Wl. 53007.

MORE
POWER
TO YOU



DIRECTORY OF CONSULTING ENGINEERS

FRANK R.



BERNARD JOHNSON INCORPORATED
ENGINEERS • ARCHITF.CTS • PLASSF.RS

Ti^ckwork • Terminals Railroad Relocation

Maintenance Facilities • Signal ization

Bridges (Design. Rating. Rehabilitation)

Communication Systems • Systems Evaluation

Operations Analyses • Equipment Modernization

5050 WESTHEIMEB • HOUSTON. TEXAS 7.7056

713 622- 1400

HOUSTON • WASHINGTON. D.C. • ATLANTA

HARDESTY & HANOVER
Consulting Engineers

BRIDGES — FIXED and MOVABLE

HIGHWAYS and RAILWAYS

SPECIAL STRUCTURES

Design, Inspection, Valuation

1501 Broadway New York, NY. 10036

Jersey City, N.J.

Railroad* • Rapid Transit

Electric Traction Power

Signals and Train Control

Communications • Substations

Operations Analysis and Simulation

Power Generation • Urban Planning

Gibbs a Hill Inc.
ENGINEERS. DESIGNERS. CONSTRUCTORS
393 Seventh Avenue, New York, N.Y. 10001

A Subsidiary of Drove Corporation

K-^ HARRINGTON & CORTElYOU, INC.

Consulting Engineers

1004 Baltimore, Kansas City. Mo. 64105
Tsl«phon«: 816^21 -€366

RAILWAY AND HIGHWAY

• FIXED AND MOVABLE BRIDGES •

• Condition Inspections
• Investigations & Reports

• Design, Construction Plans
• Contract Documents

• Construction Supervision
• Cost Negotiations

ALFRED BENESCH
& COMPANY
CONSULTINO ENOINEiRS

233 NORTH MICHIGAN AVENUI
CHICAGO, ILLINOIS 60601

Railroads— Highway*— Airports

Bridges— Buildings— Subways

Reports— Construction Obsorvotlon

a^



EDWARDS AND KELCEY
70 SOUTH ORANGE AVE., LIVINGSTON, N.J. 07039

TEL. (201) 994.4520

PLANNING • ENVIRONMENTAL STUDIES
DESIGN •CONSTRUCTION MANAGEMENT

RAIL AND BUS TRANSITWAYS
RAILROADS, TERMINALS, TUNNELS
BRIDGES, PARKING, UTILITIES

Boslon'Chicogo-Minneopolis'New York'Philadeiphlo'Vi/ashington, D.C

w RALPH WHITEHEAD & ASSOCIATES
Consulting Engineers

1936 East Seventti Street

P. 0. Box 35624
Charlotte, North Carolina 28235
704-372-1885

BRIDGES • HIGHWAYS • RAILROADS • RAIL t BUS TRANSIT • AIRPORTS

am 1

CONSULTING ENGINEERS
PLANNERS • ARCHITECTS

Route Studies — Refueling —
Terminals — Pollution Control
— Storm Water Treatment —
Aerial Photogrammetry —
Bridges — Structures — Foun-

dations — Solid Waste Disposal

913827 3603

609W. NORTH ST.

SALINA, KANSAS 67401

816363 2696

9140WARD PARKWAY, SUITE 100

KANSAS CITY, MO. 64114

BRANCH OFFICES

3300 NE Expressway, Atlanta, GA 30341 (404)452 0797
1033 Wade Avenue, Raleigh, NC 27605 (919) 832-0563

^^ Bennett-Carder
^^ & Associates, Inc.

Engineering Services

507 Fifth Street

Rock Springs, Wyoming 82901

(307) 382-5445

COWIN & COMPANY
INC.

Mining Engineers and Contractors

Phone 205-780-7700

1 South West 18th Street

Birnfilngham, Alabama 3521

1

Tunnels

—

Construction, Repair, Enlargement,

Consulting

JF A.J. HENDRY, INC.
I

CONSI'LTING ENGINEERS I

1512 PIONEER BUILDING ST. PAUL. MN 55101 16121 222-2787

•RAILROADS •RAIL TRANSIT
• SIGNALS .COMMUNICATIONS •ELECTRIFICATION •AUTOMATION

•ELECTRIC UTILITIES •LANDLINE COMMON CARRIERS .PIPELINES
•INDUCTIVE COORDINATION •ELECTROMAGNETIC INTERFERENCE
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Gilbert/

Commonwealth
IMUMS/COMaUimMTS

Electrical Systems Studies
and Engineering

Construction Management
Quality Assurance

Management Consulting

Readinc;,PA/Jackson,Ml

KIMG a GA\/AniS
CO~SiJLTfrvO t'-^G-'VE E 03. '^'C^

PLANNING • DESIGN
CONSTRUCTION SUPERVISION

Railroads 'Mass Transit

Ports • Highways

500 Fifth Avenue, New York, N Y. 10036
(212) 594 - 24/0

A ST£EGO CORPORATION SUBS/DIARY

Berger, Lehman Associates, P.C.

Railroads • Transit* Bridges

Design* Inspection* Rehabilitation

550 Mamaroneck Avenue

Harrison, New Yor1< 1 0528
(914)698-2260
(212)772-0617

Bridges and Structures

Environmental Studies

Highway Design

Transportation Planning

BENNETT, RINGROSE, WOLSFELD, JARVIS. GARDNER, INC

2829 University Avenue S.E.

Minneapolis, Minnesota 55414

612/379-7878

MINNEAPOLIS-CHEYENNE-DENVER

INTERNATIONAL
ENGINEERING
A MOnRISON-KNUOSEN COMPANY

Railroad Design & Electrification

Shop Facilities

Planning • Design

Construction Management

180 Howard Street Sarf Francisco California 94105

R(HSe • Ofnv»M • Pr>,.,-'ni. • Hou'ston • N«>A L'"" J^.n • An,- ho rag,.

^ Gannett Fleming
Engineers and Ptanners

Railroad/Mass Transit

Bridges • Tunnels • Inspection

Maintenance Facilities

Repair Shops • Equipment
Trackwork • Yards

Environmental Studies

P.O. Box 1963 • Harrisburg, PA 17105
Regional Offices Located in 1 8 Other Cities



HAZELET & ERDAL

Consulting Engineers

Design InvesHgationj Reports

Fixed and Movable Bridges

547 W. Jackson Blvd., Chicago, III. 60606

Uulrrlde QnclnnoH

ROBERT W. HUNT COMPANY
INSPECTION & LABORATORY TESTING SERVICES
Rail, Trackwork, Rolling Stock & Structural Inspection

Ser/ing The Railroad Industry Worldwide

Since 1888

26 US Locations, 8 in Europe & UK.
Headquarters: 810 S Clinton Street

Chicago, Illinois 60607
312922-2872
Telex: 25-3176

Anderson-
Nichols
Engineers • Environmental Consultants

Planners • Architects

1 50 Causeway Street »:##
Boston Massachusetts 021 14 (617)742-3400 t^

Concofd NM ; HamofO CT Prov>oence Bi ' RiciTwna & Palo Alio CA

STV ENGINEERS
11 Robinson St , Pottstown, PA 19464
215/326-4600

RAILROADS • TRANSIT • DESIGN
FIXED FACILITIES • ROLLING STOCK

VALUATION • OPERATIONS • PLANNING
CONSTRUCTION MANAGEMENT
Member Firms

Sandeis & Thomas
Pottstown, PA 215/326-4600

Seelye Stevenson Value & Knecht
New York, NY 212/867-4000

S&T Western
Newport Beach, CA 714/955-2732

STV/Management Consultants Group
New York, NY 212/344-3200

the southwestern railroad

construction co., inc.

The Railroad People

Specializing in Route 3-Box 186N

Railroad Construction Amarillo, Tx 79107

Maintenance (806) 383-9351

Consulting

•tKICk
INCORPORATED

RAILROAD AND MASS TRANSIT ELECTRIFICATION

• Feasibility and Utility Impact Studies

• Power Control and Substation Design

• Catenary Design and System Design

• Project Management and Quality Assurance

6525 Belcrest Road, Suite 209, Hyattsville. MD 20782

Telephone: (3011 779 6868
Also, Scarborougli. Ontario

Telephone (4161 755-7121

i

M0DJESK1 AND MASTERS
Ceniu/ffng Engfneer*

FIXED & MOVABLE RAILROAD BRIDOIS

Design • Inspection of Construction

Machinery • Electrical Werfc

inspection, Maintenance, Rating,

Strengtiiening

Rehabilitation • Reconstruction

P.O. BOX 334S
HARRISBURG, PA. 17105

New Orleans, La. Arlington, Va.

Poughkeepsie, N.Y. Charleston, S.C.

UNIT TRAIN UNLOADING
SYSTEMS FOR COAL ORE.

PHOSPHATE ROCK. WOODCHIPS.

BULK MATERIALS

113St. Clair Ave.. NE
Cleveland. Ohio 44114

(216)621-9934



DeLEUW
GATHER

Ellerbe Associates, Inc.

Engineers & Architects

One Appletree Square
Bloomington, MN 55420

612 853 2000

Railroad Maintenance Facilities

Locomotive/Railcar/Support

HEIIerbe

TAMS ENGINEERS, ARCHITECTS
AND PLANNERS

RAILROADS & MASS TRANSIT

• BRIDGLS & TUNNLLS
• TRANSPORTATION PLANNING

TIPPETTS-ABBETT-McCARTHYSTRATTON
655 Third Avenue, New Ynrk, NY 10017

(212)8671777

Anchorage • lioslon • Seattle • Washington, DC
22 Overseas Olfii cv

^\DRlwS consulting

CX^L,\F(K €NOINIf««

HAIL k HIOMWAV •VSTEMt

PUtLIC WONKS fACILITICt

THANtPORTATION AND
URIAN OCVtLOPMENT

tTRUCTURAl EVALUATION ft OEtlQN

CONSTRUCTION INSPECTION

306 Eait •3"' St

N*w York NY 10021

212 S3B . 2800

G«i«wav On*
Newark, N J 07102
201 623 ' 3336

®Fittsburgh
Testing
Laboratory

CaUALITY HCnviCCS \A/ORLO\A/IOE
THROUGH 50 FACILITIES

flVO Popi«> Slfwi f<tt\T>u'^*> P* 15770

KiiPI 3P? OOOO tglCx BGG 73^



tLECTRIFICATlON
RAILROADS & MASS TRANSIT

PLANNING* DESIGN • PROJECT MANAGEMENT

DAY & ZIMMERMANN, INC

1818 MARKET STREET
PHILADELPHIA, PA. 19103
18001 523-0786 Ext. 8456

fffi HARLAND BARTHOLOMEWW & ASSOCIATES/ INC.

Professional Consultants

PLANNING

ENGINEERING

LANDSCAPE ARCHrTECTURE

Atlanta

Austin
Birmingham

ChKJgo
Jacksonville

Memphit
Richmond
St. Louts

J^flrn Washington, DC.

{

SHANNON & WILSON, INC.
Geotechnical Consultants

Soil & Rock Mechanics • Seismic Response
Foundation Engineering • Instrumentation

Geology & Geophysics • Hydrogeology

Seattle • Portland • Spokane
Fairbanks • St. Louis • Houston

Corporate Headquarters, Seattle: (206) 632-8020

1105 N. 38th. Seattle. WA 98103

Trackage - Bridges

Structures • Terminals

Load/Unload Facilities

Maintenance & Repair Shops

Power & Utility Systems

Environmental Studies

Waste Treatment

o

Barns & McDonnell
ENGINEERS - ARCHITECTS - CONSULTANTS

P.O. Box 173 Kansas City. MO 641 41

816 333 4375
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RAIL
GRINDING

Speno rail grinding

is an economical

way to extend track

life. The railroad

industry depends on
Speno rail grinding

to keep rails smooth
and to protect

roadbeds. On new
rail, grinding

eliminates rolling

and welding

imperfections to

provide a smooth
rail head. Speno
has seven grinding

trains and a mobile

grinding unit in its

Contract Service

Fleet.

For More
Information

Find out how you can get the maximum ton miles out

of your track. Request a copy of the new
Speno Rail Services brochure.

Speno Rail Services, Inc.

Clark Street, Box 309
East Syracuse, New York 13057

lEC-Holden, Ltd.,

8180 Cote de Liesse Road,

Montreal, Canada H4T 1G8

ffPf
r!^TA\ r T

Speno Rail Services, Inc.



R.E. Bodkin, President

The Trasco Car Retarder
We not only stand beside

our Trasco Car Retarder, we stand

behind it.

This one has been in

track for 18 years—the retarding

rails have been replaced once,

but most of the parts are original equipment.

l^^K^|ri^lJA\LT1Ji§%
P.O. Box 729 • 18 South Sylvan Road

Westport, Conn. 06881

(203) 226-3361





mi

ml


